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THE  EDITOR'S  PREFACE. 


In  commencing  this  series  of  popular  and  standard 
works  on  the  different  branches  of  science  that  are  more 
expressly  applicable  to  the*  purposes  of  the  Mechanic,  it 
will  naturally  be  expected  that  something  further  than  a 
reprint  wOl  be  given,  from  the  advanced  state  of  science, 
and  the  many  improvements  of  late  years  effected, 
both  by  the  writings  of  men  of  genius,  and  the  prac- 
tical example  of  those  whose  occupationa  are  more 
directed  to  what  is  of  real  benefit  to  mankindr-the  im- 
provement of  our  manufiictures,-— than  to  speculations 
of  the  learned.  Many  obstacles  have  presetted  them- 
selves,  as  regards  the-foyrm  of  language,  and  the  adapta* 
tion  of  style,  to  meet  the  wishes  of  aU  readers.  Men 
of  science  are,  in  general,  too  fond  of  technological 
obscurity,  and  what '  is  written  in  a  familiar  and  plain 
way  is  apt  to  draw  down  their  censure  ^  but,  as  the 
present  work  is  more  particularly  intended  for  the  pent* 
sal  of  th^  Artisan,  I  have  endeavoured  to  gratify  both 
the  Student  and  the  practical  Mechanic,  by  a  careful 
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W  THE  EDITOR'S  PREFACE. 

revision  of  the  works  themselves ;  and  where  I  have 
thought  any  thing  was  wanting  in  clearness^  or  any  sub- 
ject  that  required  familiar  language  to  make  it  generally 
understood,  I  have  preferred  the  method  of  supplying 
their  defects  by  an  Appendix,  rather  than  that  of  altering 
the  text  of  the  original.  How  far  I  have  been  success- 
ful, will  not  be  for  me  to  decide  ;  but  I  can,  with  safety^ 
say,  that  my  endeavours  have  been  directed  to  the  elu- 
cidation of  subjects  which  appeared  not  sufficiently 
explained  -,  and  to  place,  in  as  clear  a  light  as  possible^ 
every  Proposition  that  presented  itself.  Some  new 
matter  has,  also,  been  added,  in  order  to  render  the 
work  as  complete  as  possible. 

It  will,  I  trust,  be  thought  not  too  much  if  I  add, 
that,  independent  of  the  great  care  that  has  been  taken 
to  correct  any  typographical  errors,  the  corrections 
{jf  the  engravings  and  diagrams  have  been  much  im- 
proved from  those  of  the  original  works.  Indeed,  our 
present  specimen,  both  of  typography  and  perspective 
drawing  in  Hie  plates,  will,  at  least,  shield  us  from  cen- 
sure, if  not  gain  some  meed  of  praise,  for  the  pains  that 
bttv^fieen  taken  to  make  the  work  worthy  of  a  place  ^ 
in  the  library  of  the  man  of  science  as  well  as  the 
xnechanie.  This  first  v<dume  of  the  series  thus  presents 
itself,  not  acf  aiming  at  originality,  but  as  an  attempt  to 
perpetuate  the  writings  of  a  msm  who,  for  general 
mathematical  knowledge,  stands,  I  may  say,  unfivalled  5 
and  to  bring  into  more  general  notice  the  theory  of  that 
art  l)y  which  our  wants,  as  well  as  our  luxuries,  are 
gratifijedi  and- by  which  the  prosperity  of  the  nation, 
and  the  cotnfol^  and  happiness  of  indivfdualg^  is  insured. 
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Should  the  present  work  be  thought  worthy  of  pa^ 
tnmage^  it  is  my  intention  to  continue  the  series^  by  a 
carefid  selection  from  other  authors  of  acknowledged 
merit,  who  have  written  on  the  other  branches  of 
science,  and  to  include  all  those  anywise  connected  with 
the  business  of  the  Mechanic,  such  as  Geometry^  Per-* 
spective.  Algebra,  &c. ;  and  I  shall  endeavour,  in  the 
same  manner,  to  illustrate  them  by  an  Appendix,  using 
as  ftoniliar  language  as  the  subject  will  admit  of,  and 
noticing  such  new  improvements  as  may  have  been 
added  since  the  original  publication  j  thus  endeavouring 
to  blend,  as  it  were,  together  the  various  discoveries  of 
the  modems  with  the  original  works  of  those  who  have 
preceded  them. 

I  shall  here  take  my  leave ;  trusting  that  no  material 
error  will  be  found :  and,  as  I  cannot  claim  any  merit  in 
the  production,  I  hope  I  shall  not  incur  censure,  but 
that  the  indulgent  reader  will  peruse  this  with  the 
same  spirit  in  which  I  have  written,  that  of  endeavour- 
mg  to  apply  to  some  useful  purpose  the  talents  which 
are  entrusted  to  us. 

G.  A.  S. 
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MEMOIRS  OF  MR.  EMERSON; 

WITH  SOME  ACCOUNT  OF  BIS  WBITINGS. 


In  giving  some  account  of  the  Life  and  Writings  of 
this  eccentric  man^  though  excellent  mathematician,  it  is 
but  justice  to  own,  I  am  more  indebted  to  what  has 
been  mentioned  by  others,  than  to  any  information  I  have 
been  able  to  collect  in  the  vicinity  of  his  place  of  usual 
residence,  as  it  is  now  between  forty  and  fiffcy  years  since 
his  decease ;  I  shall,  therefore,  avail  myself  of  the  infor- 
mation given  by  the  Rev.  W.  Bowe  of  Scorton,  near 
Catterick,  Yorkshire,  in  his  account  of  the  Life  of  William 
Emersofi,  and  endeavour  to  supply  some  omissions,  and 
venture  some  remarks  on  his  writings,  not  given  by  him. 
Mr.  JBowe  commences  with  remarking,  that,  for  the  last 
three  or  four  years  of  our  Author  s  life,  he  was  on  terms 
of  intimacy  with  him,  and,  therefore,  had  many  oppor* 
tiinities  of  hearing  from  his  own  mouth  accounts  of  cir- 
cumstances  which  had  taken  place  at  former  periods  of 
his  life^  as  well  as  gaining  information  from  those  who 
knew  him  many  years :  he  commences  his  narrative  by 
remarking,  that  Mr.  Dudley  Emerson,  of  Hurworth,  near 
Dariington,  in  the  county  of  Durham,  had  two  sons, 
William,  the  elder,  and  Dudley,  who  died  whilst  he  was 
young  5  William,  who  afterwards  lived  to  become  so  emi- 
nent a  mathematician,  was  bom  at  Hurworth,  in  the  year 
1701,  and  appears,  by  the  parish  register,  to  have  been 
baptized  thereon  the  10th  of  June  in  that  year. 
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*'  In  a  vacant  leaf  of  an  old  prayer-book^  in  which 
Dudley  Emerson^  the  father  of  our  Author,  had  register- 
ed his  marriage,  and  the  births  of  several  of  his  children, 
it  is  written,  William  Emerson  was  born  on  Wednes- 
day, May  14th,  at  one  o*clock  in  the  morning  and  forty 
minutes,  and  baptized  June  10th,  1701.*' 

His  father,  Dudley,  who  was  possessed  of  but  a  small 
estate,  at  that  time,  taught  a  school,  and  seems  to  have 
thought  himself  of  some  little  consequence  in  the  world, 
for  there  is  a  paper  written  by  himself,  contuning  what 
he    calls  an   account  of  the   principal   transactions  or 
events  of  his  life.    Among  these  memorabilia,  relating, 
chiefly,  td  his  movements  from  one  place  to  another,  is 
observed  nothing  respecting  the  birth  or  education  of 
his  son  William,  which  he  did  not  foresee  would  be  the 
only  circumstances,  or  events  of  any  importance«  in  his 
life,  that  might  possibly  rescue  his  name  from  oblivion. 
Our  author, William  Emerson,  it  appears,  received  his  edu^ 
cation  principally  frotu  his  father  j— reading,  writing  and 
arithmetic,  and  a  little  Latin^  perhaps,  as  rar  as  Corderii, 
or  Beza  8  Latin  Testament ;  but  that  he  afterwards  receiv- 
ed some  assistance  from  a  young  gentleman,  then  Curate 
of  Harworth,  in  the  learned  languages,  and  who,  at  that 
time,  boarded  in  his  father's  house.    It  does  not  appear, 
however,  that  he  made  any  considerable  progress,  or  was 
much  attached  to  his  books  whilst  a  boy,  or  exhibit- 
ed any  symptoms  of  those  superior  faculties,  which  he 
afterwards  exerted  with  so  much  energy.      Indeed,  so 
careless  and  inattentive  to  learning  was  he,  at  this  pe- 
riod, that  he  has  been  heard  to   say,  that   till  he  was 
nearly  twenty  years  of  age,  his  principle  and  £pLvaurite 
employment,  for  one  season  of  the  year,  was  that  of  seek- 
ing birds'  nests.   But  his  attachments  to  childish  amuse- 
ments having  passed  away,  he  began  to  be  sensible  to 
the  charms  and  beauties  of  science.    He  first  went  to 
Newcastle,  and  afterwards  to  York,  where  he  applied 
himself  with  considerable  attention  and  diligence  to  the 
study  of  the  mathematics,  under  the  direction  of  school- 
masters ;  and  of  whom  he  used  to  speak  with  much  re- 
spect, in  the  latter  part  of  his  life.    He  used  to  say,  too, 
that  his  father  was  a  tolerable  mathematician  j  and  with- 


Digitized 


by  Google 


MEMOIRS  OP  MR,  EMERSON.  ix 

out  his  books  and  instructions^  perlii4»8,  his  own  genius 
(most  eminently  fitted  for  maUiematical  disquisitions) 
would  never  have  .been  unfolded* 

After  his  return  from  school  at  York,  he  resided  prin* 
cipally  at  Hurworth,  where  he  continued  to  pursue  his 
studies  and  amusements,  at  intervals,  until  the  time  of 
his  marriage.  In  what  year  of  his  life  this  happened  is 
not  exactly  known,  but  it  was  about  the  thirty-second  or 
thirty*third ;  and  from  this  period  we  must  date  the  com- 
mencement of  his  mathematical  labours  ;  or,  perhi4>s,  the 
communication  of  them  to  the  public.  What  he  had  done 
in  this  line  was  merely  an  occasional  application  for  his 
own  amusement,  or  for  the  exercise  and  improvement  of 
his  leisure  hours.  But  one  of  those  accidents,  which,  as 
Dr.  Johnson  observes,  in  the  Life  of  Cowley,  "  produce 
that  particular  designation  of  mind  and  propensity  for 
some  certain  science,  commonly  called  genius,'*  took 
place  upon  thia  occasion,  and  added  a  powerful  stimulus 
to  hb  native  thirst  for  knowledge  and  for  fiime.  His 
wife  was  a  niece  of  a  Dr.  Johnson,  rector  of  Hurworth, 
vicar  <^  Man8fid.d,  in  the  county  of  York,  and  a  preben- 
dary of  Durham,  a  man  very  eminent  ia  his  time  for  his 
skin  in  surgery,  and  who  by  a  very  extensive  and  sue* 
cessful  practice  in  this  profession,  together  with  the 
emoluments  arising  from  his  livings,  had  accumulated  a 
very  considerable  fortune.  Dr.  Johnson  had  promised 
to  give  his  niece,  who  lived  with  him,  five  hundred 
pounds  for  her  marriage  portion.  Some  time  after  the 
marriage,  Mr.  Emerson  took  an  opportunity  to  mention 
this  matter  to  the  Doctor,  and  to  remind  him  of  his  pro- 
mise. The  Doctor  did  not  reooUect,  or  did  not  choose 
to  recc^ect,  any  thing  of  it,  but  treated  our  young  ma- 
thematician with  soflEue  contempt,  as  a  person  of  no  con- 
sequence, and  beneath  his  notice.  The  pecuniary  disap- 
pointment, £itierson  (who  had  as  independent  a  spirit  as 
any  man,  and  whose  patrimony,  though  not  large,  was 
equal  to  all  his  wants)  would  easily  have  surmounted, 
but  this  contemptuous  treatment  stung  him  to  the  very 
soul.  He  immediately  went  home,  packed  up  his  wile*s 
clothes,  and  sent  them  off  to  the  Doctor,  saying,  he  woidd 
scorn  to  be  beholden  to  such  a  feUow  for  a  single  rag ; 
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and  swearings  at  the  same  time,  that  he  would  be  re* 
venged,  and  prove  himself  to  be  the  better  man  of  the 
two.  His  plan  of  revenge  was  truly  noble  and  laudable. 
He  was  resolved  to  demonstrate  to  his  uncourteous 
uncle,  and  to  the  world,  that  he  was  not  to  be  rated  as 
an  insignificant  or  ignorant  person ;  and  that  the  con- 
tempt and  indignity  with  which  he  had  been  treated, 
were  much  misplaced,  and  very  unmerited }  and,  in  order 
to  demonstrate  this,  he  determined  to  labour  till  he  be* 
came  one  of  the  first  mathematicians  of  the  age. 

He  had  received  from  nature  a  strong  and  vigorous 
mind,  and  had  acquired  a  just  relish  for  the  beauties  of 
mathematical  science,  and  an  ardent  love  of  truth ;  he 
was,  at  the  same  time,  stimulated  with  an  eager  desire  of 
distinguishing  himself  from  the  illiterate  crowd  of  mor- 
tals J  the  effects  of  his  labour,  influenced  by  such  motives, 
and  directed  by  such  abilities,  could  not,  therefore,  be  bat 
great.  He  made  himself  a  perfect  master  of  the  whole 
circle  of  the  mathematics  3  and,  after  having  carefully 
planned  and  digested,  revised  and  completed  tibe  v?ork  to 
his  own  satisfaction,  he  published,  in  the  forty^second 
year  of  his  age,  his  book  of  Fluxions  ;  and  at  his  first  ap- 
pearance in  the  world  as  an  author,  stepped  forth  like  a 
giant  in  all  his  miffht,  and  justly  claimed  a  place  amongst 
mathematicians  ol  the  very,  first  rank.  By  the  strictly 
scientific  manner  in  which  he  established  the  prinoiples, 
and  demonstrated  the  truth,  of  the  method  of  fluxions  in 
this  work,  he  added  another  firm  and  durable  support  to 
the  noble  edifice  of  the  Newtonian  Philosophy,  which,  by 
some  less  accurate  and  penetrating  observers,  was  sup*- 
posed  to  have  received  a  violent  and  dangerous  concus- 
sion from  the  metaphysical  artillery  of  the  Analyst,  and 
the  cavils  and  objections  advanced  against  the  truth 
of  the  fluxionary  method. 

Having  thus  secured  his  mathematical  fame  upon  a 
firm  and  solid  basis,  he  continued,  from  time  to  time, 
to  fevour  and  instruct  the  public  with  other  most 
valuable  publications  upon  the  several  branches  of  the 
mathematics.  These  appeared  in  the  order  in  which 
they  stand  arranged  below,  with  the  year  of  their  publica- 
tion, and  the  date  of  the  authors  life  at  the  time.  • 
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Yeabs.  ^tat. 

1743  .. 

43 

FhixionSy  Bro.                                               ^ 

1749  .. 

48 

Projections  of  the  Sphere,  and  Elements  of 
Trigonometry/Gyo. 

1754  .. 

53 

Mechanics,  4to. 

1755  .. 

54 

Navigation,  l2mo.             ^ 

1763  .. 

62 

AHthmetic,  Gfeometry,  8vo. 
Method  of  Increment,  4to. 

1764  . . 

63 

Algebra,  8vo. 

1767  .. 

66 

Arithmetic  of  Infinites  and  Conic  Sections,  8to. 

1768  .. 

67 

Elements  of  Optics  and  Pefspective,  8to. 

1769  . . 

68 

Astronomy,  Mechanici,  Centripetal  and  Cen- 
trifugal Forces,  Bro» 

1770  .. 

69 

Mathematical  Principles  of  Geography,  Navi- 

cipia,  with  the  Defence  of  Newton ;  TractSi 
8to. 
Miscellanies,  8to.,  whtdi  was  his  last  woilu 

1776  .. 

75 

Several  of  the  above  works  have  gone  through  new 
editions,  which  have  been  improved  and  augmented  by 
the  Author,  and  were  mostly  published  by  F.  Wingrave, 
in  the  Strand,  bookseller. 

The  above  works,  many  of  them  allowed  to  be  the 
best  extant  upon  the  subject  of  which  they  treat,  will 
still  remain  a  lasting  monument  of  Mr.  Emerson's  genius, 
penetration,  and  industry,  to  the  latest  times;  and  ren- 
der any  further  eulogium  of  their  Author,  as  a  man  of 
science,  totally  unnecessary. 

His  first  publication,  however,  did  not  meet  with  im- 
mediate encouragement  3  so  that  it  is  probable  the  rest 
would  never  have  appeared,  or,&t  least,  not  in  the  Author  s 
life-time,  had  he  not,  about  the  year  1763,  been  recom- 
mended by  his  great  admirer,  and  friend,  the  late  Ed- 
ward Montague,  Esq.  to  Mr.  John  Nourse,  bookseller,  in 
London,  who  was  himself  an  eminent  mathematician,  and 
well  skilled  in  the  Newtonian  Philosophy,  having  had  an 
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University  education,  and  been  an  early  associate  with 
the  learned  Doctors  Pemberton  and  Wilson  *,  tbe  one,  the 
companion  of  Newton,  and  the  Editor  of  the  best  edition 
of  the  Principia  ;  the  other,  of  Mr.  Robins* s  Mathematical 
Tracts,  Mr.  Nourse  was  so  highly  sensible  of  Mr. 
Emerson's  superior  abilities,  that  he  engaged  him,  on 
very  liberal  terms,  to  furnish  a  regular  Course  of  the 
Mathematics  for  the  use  of  Young  Students.  Mr.  Emer* 
son  made  a  journey  to  Lfondon^  in  the  summer  of  the 
year  1763,  \o  settle  and  fulfil  this  agreement.  Even  in 
London,  he  could  not  be  idle  :  besides  correcting  the 
sheets  for  the  press,  (for  he  always  made  the  revisal 
himself,  and  to  "  trust  no  eyes  but  his  own"  was  his  fe- 
vourite  maxim,)  he  took  lodgings  at  a  watchmaker  s,  near 
Smithfield,  that  he  might  improve  himself  in  that  branch 
of  knowledge,  during  his  stay  there. 

Besides  the  above  regular  works,  published  in  Mr. 
Emerson*  s  own  name,  he  wrote  several  other  fugitive 
pieces,  in  the  Ladies  Diaries,  and  other  periodical  and  mis- 
cellaneous works.  In  the  Ladies  Diaries,  he  proposed  and 
answered  several  new  questions  under  the  signature 
Merones;  an  anagram  of  his  own  name,  containing  all  the 
letters  of  it  transposed  :  the  questions  resolved  by  him, 
were  as  follow,  viz.  prize  1736,  questions  193,  195, 
197  j  prize  1737,  questions  205,  206,  207,  209,  210,  215, 
217,221,  223  J  prize  1741,  questions  226,  229;  prize 
1742,  questions  238,  240 ;  and  he  proposed  the  follow 
ing  new  questions  -, — No.  193,  206,  and  220 ;  see  the 
Diarian  Miscellany,  which  is  a  republication  of  all  the 
useful  parts  of  the  Ladies  Diaries,  by  Dr.  Hutton.  In  the 
Diaries,  &c.  Mr.  Emerson  had,  also,  some  warm  contro* 
versies  with  Wadson,  (Mr.  Dawson  of  Sedgbergh,)  and 
other  eminent  mathematicians. 

Mr.  Emerson  also  took  a  part  in  the  Miscellanea  Cu- 
riosa  Mathematica,  a  work  published  in  quarterly  num- 
bers by  Mr.  Francis  Holliday,  (his  friend  and  corres- 
pondent,) from  the  year  1745  to  1755,  in  4to.  In  this 
work  he  resolves  many  questions,  as  before  in  the  Dia- 
ries }  sometimes  under  the  signature  Merones,  and  some- 
times under  the  still  more  whimsical  one  of  PhiU^uenti" 
mechanalgegeomastrolongo ;  and,  probably,  under  several 
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others.    We  shall  now  take  a  view  of  Bfr.  Emerson  in 
his  private  life,  as  a  man,  and  as  a  member  of  society. 

Mr.  Emerson  was,  in  person,  something  below  the 
common  size,  but  firm,  compact,  and  well  made,  very 
active  and  strong.  He  had  a  good,  open,  expressive  coun- 
tenance, with  a  ruddy  complexion,  a  keen  and  penetrat- 
ing eye,  and  an  ardour  and  eagerness  of  look  that  was 
very  expressive  of  the  texture  of  his  mind.  His  dress 
was  very  simple  and  plain,  or  what,  by  the  generality  of 
people,  perhaps,  would  have  been  called  grotesque  and 
shabby.  A  very  few  hats  served  him  through  the  whole 
course  of  his  life,  and  when  he  purchased  one,  (or,  in* 
deed,  any  other  article  of  dress),  it  was  a  matter  of -per* 
feet  indifference  to  him,  whether  the  form  and  fashion 
of  it  was  that  of  the  day,  or  of  half  a  century  before* 
One  of  these  hats,  of  immense  superficies,  had,  in  length 
of  time,  lost  its  dasticity,  and  the  brim  of  it  began  to 
droop  in  such  a  manner,  as  to  prevent  him  being  able  to 
view  the  objects  before  him  in  a  direct  line.  This  was 
not  to  be  endured  by  an  optician  ^  he,  therefore,  took  a 
pair  of  shears,  and  cut  it  round  close  to  the  body  of  the 
hat^  leaving  a  little  to  the  front,  whidi  he  .dexterously 
rounded  into  the  resemblance  of  a  jockey  s  cap.  His 
wigs  were  made  of  brown  or  dirty  &xen  coloured  hair> 
which,  at  first,  i^peared  bushy  and  tortuous  behind,  but 
which  grew  pendulous  through  age,  till,  at  length,  it  be- 
came quite  straight,  having,  probably,  never  undergone 
the  operation  of  the  comb ;  and,  either  through  the  ari-. 
ginal  mal-conformation  of  the  wig,  or  from  a  custom  he 
bad  of  frequently  inserting  his  hand  behind  it,  his  biad- 
head  and  wig  never  coming  into  very  close  contact* 
His  coat,  or,  more  properly,  jacket,  or  waistcoat  with 
sleeves  to  it,  which  he  constantly  wore  without  any  other 
waistcoat,  was  oi  a  drab  colour.  His  linen  came  not 
from  Holland  or  Hibernia,  but  was  spun  and  bleached 
by  his  wife,  and  woven  at  Hurworth,  being  calculated 
more  for  warmth  and  duration,  than  for  shew.  He  had 
a  singular  custom  of  frequently .  wearing,  especially  in 
cold  weather,  his  shirt  wkh  the  wrong  side  before,  and 
buttoned  behind  the  neck.  But  this  was  not  an  affec- 
tation of  singularity,  (for  Emerson  had  no  singularity 
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about  him,  though  bis  customis  and  maimers  were  aid* 
galar :)  be  had  a  reason  for  it  3^— he  seldom  buttoned 
more  than  two  or  three  of  the  buttons  of  his  waistcoat, 
one  or  two  at  the  bottom,  and  sometimes  one  at  the  top  $ 
leaving  ail  the  rest  open.  In  wind,  rain,  or  snow,  there- 
fore, he  must  have  found  l^e  aperture  at  the  breast  in* 
convenient,  if  his  shirt  had  been  put  on  in  the  usual 
manner.  His  breeches  had  an  antique  appearance,  the 
lappet  before,  not  being  supported  by  two  buttons,  placed 
in  a  line  parallel  to  the  horizon,  but  by  buttons  descend- 
kkg  in  a  line  perpendicular  to  it.  In  cold  weather,  he 
used  to  wear,  when  he  grew  oM,  what  he  called  shin- 
covers.  Now  ^ese  shin-covers  were  made  of  old  sack- 
ing, tied  with  a  string  above  the  knee,  and  depending 
before  the  shins  down  to  the  ^oe  ;  they  were  useful  in 
preserving  his  legs  from  being  burnt,  when  he  sat  too 
near  the  fire  (which  old  people  are  apt  to  do) ;  and  if 
they  had  their  use,  he  was  not  solicitous  about  the  figure 
Or  appearance  they  might  make. 

This  singularity  of  dress  and  figure,  together  with  his 
character  for  profound  learning,  and  knowledge  more 
than  human,  caused  him  to  be  considered,'.by  ignorant 
and  illiterate  people  in  the  neighbourhood,  ad  a  wise  or 
ctmnifig  man,  or  confuror ;  many  of.  them  are  still  per- 
suaded that  he  was  such,  and  ^nll  tell  you  wonderful 
stories  of  the  feats  he  performed,  and  particularly  hOw« 
by  virtue  of  a  magic  spett,  he  pinned  a  fellow  to  the  top 
of  his  pear  or  cheny-tree,  who  had  got  up  with  a  design 
to  steal  his  fruit,  and  compelled  him  to  sit  there  a  whc^e 
Swiday  forenoon,  in  fuU  view  df  the^  congregation  go- 
ing to,  and  returning  from,  church.  That  he  did  com- 
pel a  man  to  dit  for  some  time  in  the  tree,  I  brieve  was  a 
Ikct  5  not,  however,  by  virtue  of  any  magic  spell,  but  by 
standing  at  the  bottom  of  the  tree,  with  a  hatchet  in 
his  hand,  and  swearing  that  if  be  came  down  he  would 
bag  (i.  e.  hew)  his  legs  ofi!.  This  opinion  of  his  skill  in 
the  black  art,  was  of  service  in  defending  his  property 
from  (Such  depredation,  and  therefore  it  would  have  been 
impolitic  to  discourage  it :  but  he  was  apt  to  lose  his 
patience  very  much  when  he  was  applied  to  for  the  re- 
covery of  stolen  goods,  or  to  investigate  the  secrets  of 
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filtiirity.  A  woman  came  one  day  to  him,  to  inquire 
about  her  husband  who  had  gone  six  years  before  to  the 
West  Indies  or  America^  and  had  not  been  heard  of 
since.  She  requested,  therefore,  to  be  informed,  whether 
he  was  dead  or  living,  as  a  man  in  her  neighbourhood 
had  made  proposals  of  marriage  to  her.  It  wns  with 
much  difficulty  the  supposed  prophet  repressed  the  rising 
furor  till  the  conclusion  of  the  tale  ;  when,  hastily  rising 
from  the  tripod,  or  three-footed  stool,  on  which  he  usu- 
ally sat,  in  terms  more  energetic  than  ever  issued  from 
the  shrine  at  Delphi,  he  gave  this  plain  and  unequivocal 
response :  '^D — n  thee  for  a  b-^h !  thy  husband' s  gone 
to  hell,  ami  thou  may  go  after  him."  The  woman  went 
away,  weU  pleased  and  satisfied  with  the  answer  she  had 
received,  thinking  she  might  now  listen  to  the  proposals 
of  her  lover  with  a  safe  conscience.  Another  damsel, 
with  a  similar  errand,  met  with  a  milder  reception.  Her 
mistress  had  lost  some  caps,  or  Hnen,  and  she  wanted  to 
know  whether  her  fellow-servant  (of  whom  she  enter- 
tained suspicions)  had  purloined  them  or  not.  "  Thon*s 
a  canny  young  lass/'  replied  the  smiling  conjuror,  ''  but 
tkouV  over  late  o*  commg  *,  I  can  do  nought  for  thee." 
The  poor  girl  went  away,  grieved  that  she  had  not  made 
W  application  sooner,  supposing  he  meant  that  the  mys- 
terious moment  of  divination  was  past. 

He  was  by  some  people  looked  upon  as  an  atheist, 
but  he  was  as  much  an  atheist  as  he  was  a  magician. 
He  .firmly  believed  in  the  being  of  Grod  ;  he  did  not  be^ 
Ueee  it,  as  h6  sometimes  said,-»-he  knew  it ;  he  was  certain 
of  it,  to  a  demonstration.  But  it  must  be  acknowledged, 
that  he  did  not  always  speak  of  revealed  religion,  the 
Church  of  England,  or  the  clergy,  in  terms  of  respect. 
It  has  often  been  observed  and  lamented,  that  minds 
merely  mathematical  are  apt  to  tend  towards  scepticism 
and  irreli^on.  The  man  who  is  always  accustomed  to 
demonstrative  proofs,  and  wholly  engaged  in  a  science 
which  admits  of  l^em  at  every  step,  will  not  so  readily 
acquiesce  in  a  series  of  probabilities,  where  investigations 
of  another  kind  are  presented  to  him  3  and,  perhaps,  will 
not  have  patience  to  examine  circumstances  deeply 
enough,  to  ascertain  on  which  side  there,  is  a  prepon- 
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derance  of  evidence  amounting  nearly  to  a  demohstni' 
ti(m.  Besides,  Emerson* s  resentment  of  Dr.  Johnson  s 
treatment  of  liim>  and  which  I  have  mentioned  before, 
might  produce  a  bias  on  his  mind  unfavourable  to  reli- 
gion. A  man  of  his  natural  impetuosity  of  temper  would 
be  too  apt  to  associate  the  idea  of  the  profession  with 
that  of  the  professor-,  and  because  he  had  quarrelled 
with  the  priest,  would  also  quarrel  with  his  doctrine. 
Under  the  influence  of  this  prepossession,  he  set  himself 
to  work  to  examine  the  Scriptures  of  the  Old  and  New 
Testament,  and  collected  two  small  quarto  volumes  of 
what  he  conceived  to  be  contradictory  passages,  and 
arranged  them,  like  hostile  troops  confronting  each 
other,  on  the  opposite  pages  of  his  book. 

His  diet  was  as  simple  and  plain  as  his  dress,  and  his 
meals  gave  little  interruption  to  his  studies,  employ- 
ments, or  amusements.  During  his  days  of  close  appli- 
cation, he  seldom  sat  down  to  eat,  but  would  take  a 
piece  of  cold  pie  or  meat  of  any  kind  in  his  hand,  and, 
retiring  with  it  to  his  place  of  study,  could  satisfy  his 
appetite  for  knowledge  and  food  at  the  same  time.  He 
catered  for  himself,  and  pretty  constantly  made  his  own 
market.  When  his  stock  of  groceries  or  other  neces- 
saries grew  low,  on  the  Monday  morning  he  took  his 
wallet,  which  he  slung  obliquely  across  his  shoulders, 
and  set  forward  for  the  market  at  Darlington,  three  miles 
.distant  from  Hurworth,  whither  he  always  walked  on 
foot,  for  he  seldom  or  never  kept  a  horse,  and  had  an 
aversion  to  riding,  *'He  wo4ild  frequently  lead  the 
horse,  when  he  had  one  from  market,  by  the  halter^ 
bearing  the  wallet  stufifed  with  the  provisions  he  had 
bought  at  market.'*  After  having  provided  all  the  ne- 
cessary articles,  he  did  not  always  make  directly  home 
again :  but,  if  he  found  good  fair  ale,  and  company  to 
his  mind,  he  would  sit  himself  down  contentedly  in 
some  public  house,  for  the  remainder  of  the  day,  and 
frequently  during  the  night  too  ',  sometimes  he  did  not 
reach  home  till  late  on  Tuesday  or  even  Wednesday. 
He  remained  talking  or  disputing  on  various  topics*- 
mechanics,  politics,  or  religion, — just  as  his  conxpany 
might  be^  varying  the  scene  sometimes  with  a  beef-steak. 
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The  art  of  Mechanics  being  the  first  that  men  had  occasion  to 
make  use  of,  it  is  reasonable  to  suppose  that  it  took  its  beginning 
with  man,  and  was  studied  in  the  earliest  ages  of  the  world.  For 
no  sooner  did  mankind  begin  to  people  the  earth,  than  they 
\?anted  houses  to  dwell  in,  clothes  to  wear,  and  utensils  to  till  the 
ground,  to  get  them  bread,  with  other  necessaries  of  life;  and 
being  thus  destitute  of  proper  habitations,  and  other  conveniences 
of  living,  their  wants  must  immediately  put  them  upon  the  study 
of  mechanics.  At  their  first  setting  out,  they  would  be  content 
with  very  little  theory;  endeavouring  to  get  fiiat  more  by  ex- 
perience than  reasoning,  and  being  unacquainted  with  numbers^ 
^Or  any  sort  of  calculation ;  and  having  neither  rule  nor  compass 
to  work  by,  nor  instruments  to  work  with,  but  such  as  they  must 
invent  first  of  all,  nor  any  methods  of  working :  with  all  these  dis- 
advantaged, we  may  judge  what  sort  of  work  they  were  likely  to 
make.  All  their  contrivances  must  be  mere  guessing,  and  they 
could  but  ill  execute  what  they  had  so  badly  contrived ;  and  must 
be  continually  mending  their  work  by  repeated  trials,  till  they  got 
it  to  such  a  form  as  to  make  a  shift  to  serve  for  the  use  designed ; 
and  this  is  the  first  and  lowest  state  of  mechanics,  which  was 
enough  to  give  a  beginning  to  it;  and  in  this  state  it,  doubtless, 
remained  for  a  long  time,  without  much  improvement.  But,  at 
length,  as  men  found  more  leisure  and  opportunity,  and  gained 
more  experience,  manual  arts  began  to  take  their  rise,  and,  by  de- 
greesy  to  make  some  progress  in  the  worid. 
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But  we  meet  with  no  considerable  inventions  in  the  mechanical 
way^  for  a  long  series  of  ages ;  or,  if  there  had  been  any,  the  ac- 
counts of  them  are  now  lost,  through  the  length  of  time ;  for  we 
have  nothing  upon  record  for  two  or  three  thousand  years  forward. 
But,  afterwards,  we  find  an  account  of  everal  machines  that  were 
in  use.  For  we  read  in  Genesis,  that  ships  were  as  old,  even  on 
the  Mediterranean,  as  the  days  of  Jacob.  We  likewise  read  that  the 
Philistines  brought  thirty  thousand  chariots  into  the  field  against 
Saul ;  so  that  chariots  were  in  use  1070  years  before  Christ  And 
about  the  same  time  architecture  was  brouf^ht  into  Europe.  And 
1030  years  before  Christ,  Aramou  built  long  and  tall  ships  with 
sails,  on  the  Red  Sea  and  the  Mediterranean.  And,  about  ninety 
years  after,  the  ship  Argo.was  built;  which  was  the  first  Greek 
vessel  that  ventured  to  pass  through  the  sea,  by  help  of  sails, 
without  sight  of  land,  being  guided  only  by  the  stars.  Dsedalus 
also^  who  lived  980  years  before  Christ,  made  sails  for  ships, 
and  invented  several  sorts  of  tools,  for  carpenters  and  joiners  to 
work  with.  He  also  made  several  moving  statues,  which  could 
^pralk  or  run  of  themselves.  And,  about  800  years  before  Christ, 
we  find  in  2  Chron.  xv.  that  Uzziah  made  in  Jerusalem,  engines, 
invented  by  cunning  men,  to  be  on  the  towers  and  upon  the  bul- 
warks, to  shoot  arrows  and  great  stones  withal.  Corn-mills  were 
early  invented;  for  we  read  in  Deuteronomy,  that  it  was  not 
lawful-  for  any  man  to  take  the  nether  or  the  upper  mill-stone  to 
pledge ;  yet  water  was  not  applied  to  mills  before  the  year  of 
Christ  600,  nor  wind- mills  used  before  the  year  1200.  Likewise, 
^80  years  before  Christ,  we  read  in  Jeremiah  xviii,  of  the  potter's 
wheel.  Architas  was  the  first  that  applied  mathematics  to  me- 
phanics,  but  left  no  mechanical  writings,  behind  him :  he  made 
a  wooden  pigeon  that  could  fly  about.  Archimedes,  who  lived 
about  200  years  before  Christ,  was  a  most  subtle  geometer  and 
mechanic.  He  made  engines  that  drew  up  the  ships  of  Mar< 
cellus  at  the  siege  of  Syracuse ;  and  others  that  would  cast  a  stojie 
of  a  prodigious  weight  to  a  great  distance,  or  else  several  lesser 
stones,  as  also  darts  and  arrows ;  but  there  have  been  many  fabu- 
lous reports  concerning  these  engines.  He  also  made  a  sphere 
which  showed  the  motions  of  the  sun,  moon,  and  planets.  And 
Posidonius,  afterwards,  made  another  which  shewed  the  same 
thing.  In  these  days,  the  liberal  arts  flourished,  and  learning  met 
with  proper  encouragement;  but,  afterwards,  they  became  neg- 
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lected  for  a  long  time.  Aristotley  who  lived  about  two  hundred 
and  ninety  years  before  Christ,  was  one  of  the  first  Aat  writ  any 
methodical  discourse  of  mechanics.  Bat,  at  this  time,  the  art  was 
contained  in  a  very  Httle  compass,  there  being  scaice  any  thing 
more  known  about  it,  than  the  six  medianical  powers.  In  diis 
state,  it  continued  till  the  sixteenth  century,  and  then  dodi-work 
was  invented ;  and,  about  1650,  were  tfie  first  clocks  made.  At 
this  time,  seveial  of  the  moEtt  eminent  matiiemstkiaM  b^gan  to 
consider  mechanics ;  and,  by  tfieir  stady  and  industry,  have  pfo- 
digiously  enlarged  its  bouds,  and  made  it  a  most  comprehensive 
science.  It  extends  through  heaven  and  eaith ;  the  whole  universe, 
and  every  part  of  it,  is  its  subject  Not  one  particle  of  matter 
bat  what  comes  under  its  laws.  For  what  else  is  there  in  the 
visible  world,  but  matter 'and  motion?  and  the  properties  and 
affisctions  of  both  these,  ate  the  subject  of  mechanics.' 

To  the  art  of  mechanics  is  owing  all  sorts  of  instruments  to 
work  with,  all  engines  of  war,  ships,  bridges,  mills,  curious  voois 
and  arches,  stately  theatres,  columns,  pendent  galleries,  and  all 
Other  grand  works  in  building.  Also  clocks,  watches,  jacks,  dia- 
riots,  carts  and  carriages,  and  even  the  wheel-barrow.  Architec- 
ture, navigation,  husbandry,  and  military  affairs,  owe  dieir  inven- 
tion and  use  to  this  art;  and  whatever  hath  artificial  motion  by 
air,  water,  wind,  or  cords ;  as  all  manner  of  musical  instruments, 
water-works,  &c.  This  is  a  science  of  such  importance,  that, 
without  it,  we  could  hardly  eat  our  bread,  or  lie  dry  in  our  beds. 

By  mechanics,  we  come  to  understand  the  motions  of  the 
parts  of  an  animd  body;  the  use  of  the  nerves,  muscles,  bones, 
joints,  and  vessels :  all  which  have  been  made  so  plain,  as  proves 
an  animal  body  to  be  nothing  but  a  medianical  engine.  But  this 
part  of  mechanics,  called  anatomy,  is  a  suliject  of  itself.  Upon 
mechanics  are  also  founded  the  motions  of  all  th^  celestial  bo- 
dies, their  periods,  times,  and  revolutions.  Without  mechanics, 
a  general  cannot  go  to  war,  nor  besiege  a  tovm,  or  fortify  a  place ; 
and  €ie  meanest  artificer  must  work  mechanically,  or  not  work 
at  all ;  so  that  all  persons,  whatever^  are  indebted  to  this  art, 
firom  the  king  down  to  the  cobbler. 

Upon  mechanics  is  also  founded  the  Newtonian,  or  only  true 
philosophy  in  the  woHd.  For  ail  the  difficulty  of  philosophy  con- 
sists in  this;  from  some  of  the  principal  phenomena  of  motions 
to  investigate  the  forces  of  nature.   And  Aen^  from  .these  forces  to 
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demonstrate  the  other  phtendmena ;  all  ifvhich  is  to  be  done  upon 
mechinical  principles.  Thus,  from  the  distances  and  revolutions 
of  the  heavenly  bodies,  the  forces  of  gravity  are  derived ;  and  from 
thesle  forces  thus  known,  are  deduced  the  motions  of  the  planets, 
comets,  the  moon,  and  the  sea;  as  well  as  the  motion?  of  bodies 
upon  the  surface  of  the  earth.  These  relate  to  the  visible  bodies 
of  the  universe.  But  there  are  also  certain  forces  belonging  to  the 
small  partides  of  matter,  which  we  are  still  ignorant  of;  by 
which  they  axe  either  impelled  towards  one  another,  and  cohere 
in  regular  figures ;  or  are  repelled,  and  so  recede  from  each  other. 
For  the  partides  of  different  sorts  of  bodies  have  different  laws ; 
since  the  small  particles  of  some  bodies  attract  one  another,  whilst 
those  of  other  sorts  repel  each  other;  and  that  by  forces  almost 
infinitely  various.  Upon  these  forces,  the  cohesion,  solidity,  and 
fluidity,  of  bodies  depend.  The  nature  of  elasticity,  electricity, 
and  magnetism.  Upon  these,  also,  depend  the  principles  of  fer- 
mentation, putrefaction,  generation,  vegetation,  and  dissolution  of 
bodies ;  digestion  and  secretion  in  animal  bodies ;  the  motion  of 
the  blood  and  fluids  in  animals,  and  the  moving  of  the  members 
by  the  command  of  the  will ;  the  exciting  sensations  in  the  mind ; 
the  emission,  reflection,  refitiction,  and  inflection,  of  light;  freez^ 
ing  by  cold,  burning  by  fire ;  all  operations  in  chemistry,  &c. 
If  these  forces  could  be  found  out,  it  would  open  to  us  a  new  field 
in  the  science  of  mechanics.  But,  for  want  of  proper  experi- 
ments, these  forces,  among  the  invisible  and  imperceptible  par- 
ticles of  matter,  are  utterly  unknown,  and  exceeding  difficult  to 
be  discovered ;  and,  therefore,  make  no  part  of  the  ensuing 
Treatise.  Nor  shall  I  meddle  with  astronomy,  as  being  a  subject 
of  itself:  nor  with  experimental  philosophy,  any  further  than 
concerns  mechanics. 

And,  although  architecture  has  a  great  dependance  upon  me- 
chanics, yet,  there  are  a  great  many  precarious  rules  in  this 
art,  invented  purely  for  ornament,  and  the  sake  of  beauty,  which 
have  nothing  to  do  with  mechanics.  And,  therefore,  mechanical 
heauty  (that  is,  strength  in  due  proportion)  is  all  that  I  have  any 
business  to  meddle  witli  here. 

,  It  has  been  ignorantly  objected  by  some,  that  the  Newtonian 
{^lilosophy,  like  all  others  befcMre  it,  will  grow  old  and  out  of  date^ 
and  be  succeeded  by  some  new  system,  which  will  then  be  as 
much  cried  up  as  this  is  now.    But  this  objection  is  very  fiilsely 
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made.  For  never  a  philosopher  before  Newton  ever  took  the 
method  that  he  did.  For  whilst  their  tystenii  are  nothing  but 
hjqiothesesy  conceits,  fictions^  conjectures^  and  romances,  invented 
at  pleasure,  and  without  any  foundation  in  the  nature  of  things, 
he,  on  the  contrary,  and  by  himself  alone,  set  out  upon  a  quite 
different  footing.  For  he  admits  nothing  but  what  he  gains  from 
ecperiments,  and  accurate  observations.  And  from  this  foonda- 
ti(Hi,  whatever  is  frirther  advanced,  is  deduced  by  strict  mathe- 
matical reasoning.  And  where  this  thread  does  not  cany  him, 
he  stops,  and  proceeds  no  further ;  not  pretending  to  be  wise 
above  what  is  written  in  nature;  being  rather  content  with  a 
litde  trae  knowledge  than^  by  assuming  to  know  every  thing, 
run  the  haiard  of  error.  Contrary  to  all  this,  these  scheming 
philosophers,  being  men  of  strong  imaginations  and  weak  judg- 
ments, will  run  on,  ad  infinitum,  and  build  one  fiction  upon 
another,  till  their  Babel,  thus  erected,  proves  to  be  nothing  but  a 
heap  of  endless  oonfiision  and  contradiction.  And  then  it  is  no 
wonder,  if  the  whole  aiiy  fabric  tumbles  down,  and  sinks  into 
min.  And  yet  it  seems,  sudi  romantic  systems  of  philosophy  will 
please  some  people  as  well  as  the  strictest  truth,  or  most  regular 
system.  As  if  philosophy,  like  religion,  was  to  depend  on  the 
&hion  of  the  country,  or  on  the  fisuades  and  caprice  of  weak 
people.  But,  surely,  this  is  nothing  but  rambling  in  the  dark^ 
and  saying  .that  the  nature  of  4hings  depends  upon  no  steady 
principles  at  all.  But,  in  truth,  the  business  of  true  philosophy 
is  to  derive  the  nature  of  things  from  causes  truly  existent;  and 
to  inquire  after  those  laws  on  which  the  Creator  choosed  to 
found  the  world ;  not  those  by  which  he  might  have  done  the 
same,  had  he  so  pleased.  It  is  reasonable  to  suppose,  that,  from 
several  causes,  something  differing  from  each  other,  the  same 
effect  may  arise.  But  the  true  cause  will  always  be  that  from 
which  it  truly  and  actually  does  arise;  the  others  have  no  place 
in  true  philosophy.  And  this  can  be  known  no  way,  but  by 
observations  and  experiments.  Hence,  it  evidently  follows,  that 
the  Newtonian  philosophy,  being  thus  built  upon  this  solid  foun- 
dation, must  stand  firm  and  unshaken;  and  beibgonoe  proved  to 
be  true,  it  must  eternally  remain  true,  until  the  utter  sabveision 
of  all  the  laws  of  nature.  It  is,  therefore,  a  mere  joke  to  talk 
of  a  new  philosophy.  The  foundation  is  now  firmly  laid :  the 
Newtonian  philosophy  may,  indeed,  be  improved,  and  further 
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adraneed ;  but  it  can  never  be  oyerthrown,  notwithstanding  the 
effort»  of  all  the  Bernouilli's,  the.  Leibnitz's,  the  Greenes,  the 
Berkley's,  the  Hutchinson's, .  &c.  And  even  the  French,  them- 
selves, have  at  last  adopted  it,  and  given  up  the  Cartesian  scheme. 

Practical  mechanics  might  be  very  much  improved,  if  the 
secrets  of  all  trades  wei-e  to  lie  open;  and  the  several  mechanics 
used  in  each  trade,  duly  explained.  And  experimental  philo- 
sophy would  be  thereby  much  improved,  as  well  as  the  trades 
themselves.  And  one  trade  might  borrow  many  great  helps  in 
working,  from  another  trade.  It  is  not  my  design  to  treat  at  all 
on  the  lowest  -part  of  mechanics,  which  concerns  manual  arts  or 
working  by  hand.  For  there  is  no  theory  required  here,  but  only 
a  habit  of  working,  to  be  acquired  by  frequent  pmctioe. 

I  have,  in  the  following  book,  confined  myself  entirely  to  the 
mathematiciil  part,  and  >Jirhat  depends  on  it,  and  is  deduced  from 
it  And,  therefore^  I  have,  fiist  of  all,  laid  down  and'  demon- 
strated the  general  laws  of  motion,  as  a  foundation  for  all  the  rest. 
Then  follow  the  laws  of  gravity,  the  descent  of  bodies,  and  motion 
of  projectiles  in  free  space ;  the  mechanical  powers ;  the  descent 
of  bodies  upon  inclined  planes ;  the  vibration  of  pendulums ; 
centre  of  gravity,  and  others ;  the  pressure,  strength,  and  stress, 
of  beams  of  timbei';  then  you  have  (he  principles  of  hydrostatics^ 
hydraulics,  and  pneumatics ;  the  resistance  of  fluids ;  the  powers 
of  engines,  and  the  description  of  machines.  In  each  of  these, 
I  have  delivered  all  =  the  fundamental  principles,  both  in  theory 
and  practice.  And,  to  make  it  more  universally  useful,  I  have 
demonstrated  every  thing  geometrically ;  or,  at  most,  by  the  help 
only  of  the  lowest  and  easiest  rules  of  Algebra;  for  die  sake  of 
brevity,  avoiding  all  operations  by  fluxions ;  so  that  the  reader 
need  not  be  scared  with  the  thoughts  of  any  difficulty  •  of  that 
kind. 

Concerning  the  machines,  I  have  given  an  account  of  their 
structure,  as  far  as  is  necessaiyto  explain  their  motions  and 
effects ;  omitting  the  description  of  theit  minuter  parts,  not  so 
necessary  for  this  end,  and  which  are  easily  understood  of  them- 
selves. I  hope  the  reader  will  pardon  my  inserting  among  the 
rest,  some  machines  that  may  seem  trifling,  put  in,  here  and  there, 
to  fill  up  vacant  places  in  the  schemes.  Yet,  even  in  these,  there 
is  Something  curious  in  their  structure  or  motion,  that  may  be 
worth  observing.    I  might  have  g^ven  the  cuts  of  many  more 
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madiines;  bat,  peiliapa,  what  I  hsve  alKady  done,  iimy  be 
tbougfat  too  mndiy  in  such  »iimtkni  m  this,  where  mttival  knoW'- 
ledge  wants  due  eocoucagenient,  end  where  no  M«cenei  appMre 
to  patronize  and  protect  it ;  and  where  arts  and  uciences  hai^gi  at  it 
were,  in  suspense,  whether  they  shall  stahd  or  MX ;  and  where 
puMic  spirit  and  English  generosity  are  just  expiring.  This  de- 
cline of  arts  and  sdeooes  is  whoUyi  or  in  a  gieatmeasurei  owing 
to  the  ambition  and  most  extreme  aTarioe  of  the  present  age. 
Where  men,  not  being  able  to  lift  their  eyes  abo?e  this  eartliy  think 
nothing  worth  their  care,  but  raking  together  the  dross  it  affords; 
striving,  like  the  toad,  who  shall  die  with  the  most  eaith  in  his 
paws.  The  duller  part  of  mankind  are  entirely  engaged  in  the 
pursuit  of  filthy  hicre ;  and  the  brighter  sort  are  wholly  devoted  to 
low,  trifling,  and  often  barbarous  diversions.  In  such  momentoua 
concerns  as  these,  it  is  no  wonder  if  arts  and  sciences  flag ;  and 
natural  knowledge  meet  with  nothing  but  contempt ;  and  Minerva 
give  plaee  to  Platos.  Aod^  indeed,  if  the  general  temper  and 
disposition  of  men  had  been  the  same  in  all  ages,  as  it  is  ^m  this, 
I  am  in  doubt  whether  we  bad  ever  bad  any  such  thing  as  a  miU 
to  grind  us  com  for  bread,  or  a  pump  to  draw  us  water.  It  is 
a  trifling  excuse  for  mfen  of  exalted  station,  to  uige,  that  they 
are  unacquainted  with  such  arta  or  sciences.  For  leamiag  has 
always  l^en  esteemed  to  be  under  the  peculiar  care  and  s»- 
perintendency  of  the  great ;  who  ought  to  protect  aad  encourage 
both  that,  and  the  proftssocs  of  itj  Or  else  arts  and  sciences  cap 
never  flouridi.  And  as  the  enoouragement  of  these  evidently 
tends  to  the  benefit  of  mankind,  and  the  promoting  of  the  public 
good,  nothing  can  excuse  so  gross  a  neglect,  or  such  a  manifest 
disregard,  as  they  shew,  for  tibe  happiness  of  their  fellow  crea- 
tures. The  industrious  students  only  have  the  fatigue  whilst  all 
ihe  world  reap  the  advantage  of  their  labours : 

Scire  volunt  omnes,  mercaedem  solvere  nemo.    JuvsN. 

It  is  reported  of  Alexander,  that  he  allowed  eight  hundred 
talents  a  yes^  to  Aristotle,  to  defray  the  expenses  of  procuring  all 
sorts  of  living  creatures ;  so  that,  by  his  own  particular  experience, 
he  might  be  enabled  to  write  of  the  nature  and  properties  of  them. 
And  the  reason  why  the  world  hath  now  so  few  Aristotles,  is,  be- 
cause there  are  no  Alexanders. 
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But,  as  to  the  fate  of  this  book,  it  is  iDdifferent  to  me  what 
reception  it  shall  meet  with  in  the  world.  Not  that  I  am  in  the 
least  diffident  of  the  principles  here  delivered ;  for  I  know  they 
will  stand  the  strictest  examination.  Nor  would  I  be  thought 
careless  concerning  the  advantage,  which  my.  few  readers  may 
receive  from  it :  for,  on  the  contrary,  I  have  done  all  I  could  to 
instruct  fhem,  and  lead  them  regularly  through  this  noble  and 
useful  science.  But,  in  a  mercenary  age,  where  there  is  so  little 
encouragement  for  works  of  this  nature,  I  am'  under  no  concern 
what  judgment  may  be  passed  upon  it  by  the  ignorant  multitude. 
Yetj  i  sincerely  wish,  that  my  more  ingenious  readers  may  find 
what  they  expect  here ;  and  am  in  hopes,  that  they  will  meet  with 
no  difficulties,  but  what  they  will  easily  surmount  To  effect 
\irhich,  1  have  made  every  thing  in  this  book  as  full  and  clear  as 
iny  own  abilities,  and  the  nature  of  the  thing,  would  permit  me. 

The  kind  reception  the  foriner  editions  of  this  book  have  met 
with  from  the  public,  has  induced  me  to  revise  and  correct  it ; 
and  to  make  such  further  additions  thereto,  as  I  thought  neces- 
sary for  completing  so  useful  a  science.  Accordifiglyy  I  have 
made  such  alterations  and  improvements  in  this  edition,  as  to  me 
seemed  absolutely  necessary,  for  the  benefit  of  my  readers* 

I  cannot  find  that  I  have  omitted  any  thing  material  in  this 
Treatise,  pertinent  to  my  subject.  And  as  my  professed  design 
was  to  write  a  book,  of  Principles,*  nobody  of  common  sense 
would  expect  that  I  should  go  contrary  to  that  design,  and  stuff 
my  book  with  calculations  of  difficult  problems,  fit  only  for  books 
of  Algebra  and  Fluxions,  and  not  at  all  proper  for  an  elementary 
Treatise.  If  I  had  done  this,  I  had  not  only  deserted  my  sub- 
ject, and  all  good  method,  but  also  imposed  upon  my  readers,  by 
swelling  the  book,  and  making  them  pay  dear  for  superfluities; 
and  that  to  please  a  few  trifling  critics,  who  know  no  better. 
These  sort  of  animals  live  by  detraction,  and  are  always  snarling 
at  what  they  don't  understand,  and  cannot  mend. 

If  any  such  set  of  critics,  assuming  the  privilege  of  being 
dictators  to  the  public,  and  censors  of  other  men's  writings^ 
should  start  up,  and  cry  down  my  book,  because,  not  written  after 
their  crude  notions,  I  would  not  have  my  readers  be  at  all  sur- 
prised at  this ;  for  it  would  be  more  surprising  if  any  thing  of 
value  should  escape,  without  being  degraded  and  condemned  by 
them.    And,  for  my  own  part,  the  only  concern  it  will  give  me. 
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will  be  to  despise  tbeir  dull  criticisms^  and  laugh  at  their  ignor- 


ance. 


Men'  moTeat  dmez  Pantilius  ?  ant  crncier,  qu6d 
Vellicit  absentem  Demetrius  ?  ant  qndd  ineptus 
Fannu8  Hermogenis  loedat  ConrivaTigelli  ? 
Plotiusy  &  Variusy  Mncenas,  Virgiliusque, 

Valgins^ prohet  hsec  ^— ^— 

HoR. 


WILLIAM  EMERSON. 
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MECHANICS. 


DEFINITIONS. 


1.  Mechama  is  a  science^  which  teaches  the  proportion  of  the 
forces,  motions,  velocities,  and,  in  general,  the  actions  of  bodies 
upon  one  another. 

2.  Botfy  is  the  mass  or  quantity  of  matter.  If  a  body  yields  to 
a  stroke  and  recovers  its  former  figure  again,  it  is  called  an  daitk 
body:  ifnotyitistne/os^. 

3.  Iknnty  of  a  body  is  the  proportion  of  the  quantity  of  matter 
contained  in  it,  to  the  quantity  of  matter  in  another  body  of  the 
same  bigness.  Thus,  the  density  is  said  to  be  double  or  triple, 
when  the  quantity  of  matter  contained  in  the  same  space  is  double 
or  triple. 

4.  Force  is  a  power  exerted  on  a  body  to  move  it.  If  it  act  but 
for  a  moment,  it  is  called  the  force  of  percuuwn  or  impHke.  If  it 
act  constantly,  it  is  called  an  aaxUratwe  force.  If  constantly  and 
equally,  it  is  called  a  uniform  accelerative  force. 

5.  KelocUy  is  an  affection  of  motion,  by  which  a  body  passes 
over  a  certain  space  in  a  given  time.  The  velocity  is  said  to  be 
greater  or  less,  according  as  the  body  passes  over  a  greater  or  less 
space  io  the  same  time. 

6.  Motion  is  a  continual  and  successive  change  of  place.  If 
a  body  moves  through  equal  spaces  in  equal  times,  it  is  called 
equable  motion.  If  its  velocity  continually  increases,  it  is  called 
accelerated  motion ;  if  it  decreases,  it  is  retarded  motion,  li  it 
increases  or  decreases  uniformly,  it  is  equably  accelerated  or  re* 
tarded.  Likewise,  if  its  motion  be  considered  in  regard  to  some 
other  body  at  res^  it  is  called  absolute  motion.  But  if  its  motion 
be  considered  with  respect  to  other  bodies  also  in  motion,  then 
it  is  relative  motion, 

7.  Direction  of  motion  is  the  way  the  body  tends,  or  the  right 
line  it  moves  in. 
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8.  Quantity  of  motion  is  the  motion  a  body  has,  both  in  re- 
gard to  its  velocity,  and  quantity  of  matter.  This  is  called  the 
tnotnentum  of  a  body,  by  some  mechanical  writers. 

9.  Vis  inertia  is  that  innate  force  of  matter  by  which  it  resists 
any  change,  and  endeavours  to  preserve  its  present  state  of  motion 
or  rest. 

10.  Gravity  is  that  force  wherewith  a  body  endeavours  to  de- 
scend towards  the  centre  of  the  earth.  This  is  called  absolute 
gravity,  when  the  body  tends  downwards  in  free  space  :  and  rela- 
tive gravity  is  the  force  it  endeavours  to  descend  with  in  a  fluid. 

11.  Specific  gravity  of  bodies  is  the  greater  or  less  weight  of 
bodies  of  the  same  magnitude ;  or  the  proportion  between  these 
weights.  The  specific  gravity  is  said  to  be  double  or  triple,  when 
the  weight  of  the  same  bulk  of  matter  is  double  or  triple. 

12.  Centre  of  gravity  of  a  body  is  a  certain  point  in  it,  upon 
which  the  body  being  freely  suspended,  it  would  rest  in  any  posi- 
tion. 

.13.  Centre  of  motion  of  a  body  is  a  fixed  point  about  which 
the  body  is  moved.  And  the  axis  of  motion  is  the  fixed  axis  it 
moves  about. 

14.  Weight  and  power,  when  opposed  to  one  another,  signify 
the  body  to  be  removed,  and  the  body  that  moves  it.  That  body 
which  communicates  the  motion  is  called  the  power;  and  that 
which  receives  it,  the  weight. 

15.  Equilibrium  is  when  two  or  more  forces  acting  against  one 
another,  none  of  them  overcome  the  others,  but  destroy  one  an- 
other's effects,  and  remain  at  rest. 

16.  A  fluid  is  a  body  whose  parts  yield  to  any  impressed 
force ;  and  by  yielding  are  easily  moved  among  themselves. 

17.  Hydrostatics  is  a  science  that  treats  of  the  properties  of 
fluids. 

18.  Hydraulics  is  the  art  of  raising  or  conveying  water  by  the 
help  of  engines. 

19.  Pneumatics  is  a  science  that  treats  of  the  properties  of  the 
air. 

20.  Machine  is  any  mechanical  instrument  contrived  to  move 
bodies,  or  to  perform  some  particular  motions.  The  mechanical 
powers  are  smiple  machines. 

21.  Engine  is  a  mechanic  instrument  composed  of  levers, 
wheels,  pullies,  screws,  &c.  in  order  to  move,  lift,  or  sustain 
some  great  weight,  or  perform  some  great  effect.  This  is  the 
largest  and  most  compounded  sort  of  machines. 

23.  Mechafuc  powers  are  the  balance,  the  lever,  the  wheel,  the 
pidley,  the  screw,  and  the  wedge.  To  which  some  add,  die  in- 
clined plane. 

23.  Stress  is  the  effect  of  a  force  acting  against  a  beam,  or  any 
thing  to  break  it,  or  the  violence  it  suffers  by  that  force.    The 
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contrary  to  this  is  Mtren^hy  wbich  is  the  resistance  any  beam  is 
able  to  make  against  a  force  endeavouring  to  break  it. 

24.  Friction  is  the  resistance  arising  from  the  parts  of  machines, 
or  of  any  bodies  rubbing  against  one  another. 

POSTULATA. 

1.  That  a  small  part  of  the  surface  of  the  earth,  or  the  horizon, 
may  be  looked  upon  as  a  plane.  Though  this  is  not  strictly  true,  yet 
it  differs  insensibly  in  so  small  a  space  as  we  have  any  occasion 
to  consider  it. 

2.  Heavy  bodies  descend  in  lines  parallel  to  one  another,  and 
perpendicular  to  the  horison:  and  they  alwa^  tend  perpendi* 
cular  to  the  horizon  by  their  weight.  For  this  is  true  as  to  sense, 
because  the  lines  of  their  direction  meet  only  at  the  centre  of  the 
earth,  taken  as  a  perfect  sphere. 

3.  The  weight  of  any  body  is  the  same  in  all  places  at  or  near 
the  surface  of  the  earth.  For  the  difference  is  insensible  at  any 
heights  to  which  we  can  ascend.  Though,  in  strictness,  the  force  of 
gravity  decreases  in  ascending,  from  the  earth's  suiface,  in  (bt 
reciprocal  ratio  of  the  squares  of  the  heights  firom  the  earth's 
centre. 

4.  We  are  to  suppose  all  planes  perfectly  even  and  regular, 
all  bodies  perfectly  smooth  and  homogeneous,  and  moving  with- 
out friction  or  resistance ;  lines  perfectly  straight,  and  inflexible, 
without  weight  or  thickness ;  cords  extremely  pliable,  &c.  For 
thou^  bodies  are  defective  in  all  these,  and  the  parts  or  matter, 
whereof  engines  are  made,  subject  to  many  impenections,  yet  we 
must  set  aside  all  these  irregularities,  till  the  theory  is  established ; 
and  afterwards  make  such  allowance  as  is  proper. 

AXIOMS. 

1.  Every  body  perseveres  in  its  present  state,  whether  of  rest, 
or  moving  uniformly  in  a  right  line,  till  it  is  compelled  to  change 
that  state  by  some  external  force. 

2.  The  alteration  of  motion,  or  the  motion  generated  or  de- 
stroyed in  any  body,  is  proportional  to  the  force  applied,  and  it 
made  in  the  direction  of  that  right  line  in  which  the  force  acts. 

3.  The  action  and  re-action  between  two  bodies  are  equal,  and 
in  contrary  directions. 

4.  The  motion  of  the  whole  body  is  made  up  of  the  sum  of  the 
motions  of  all  the  parts. 

5.  The  weights  of  all  bodies  in  the  same  place,  are  propor- 
tional to  the  quantities  of  matter  they  contain,  without  any  regard 
to  their  bulk,  figure,  or  kind.  For  twice  the  matter  will  be  twice 
as  heavy,  and  thrice  the  matter  thrice  as  heavy ;  and  so  on. 

6.  The  vis  inertiae  of  all  bodies  is  proportional  to  the  quantity 
of  matter. 
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7.  Every  body  vnW  descend  to  the  lowest  plaice  it  cat!  get  to.    ' 

8.  Whatever  sustains  a  heavy  body,  bears  all  the  wdght  of  it. 

9.  Two  equal  forces  acting  against  one  another  in  contrary 
directions,  destroy  one  another's  effects. 

10.  If  a  body  is  acted  on  with  two  forces  in  contrary  direc- 
tions, it  is  the  same  thing  as  if  it  were  only  acted  on  with  the 
difference  of  these  forces,  in  direction  of  the  greater. 

11.  If  a  body  is  kept  in  equilibrio,  the  contrary  forces,  in  any 
one  line  of  direction,  are  equal,  and  destroy  on^  another. 

12.  Whatever  quantity  of  motion  any  force  generates  in  a  given 
time,  the  same  quantity  of  motion  will  an  equal  force  destroy  in 
the  same  time,  acting  in  a  contrary  direction. 

13.  Any  active  force  will  Sooner  or  more  easily  overcome  a 
lesser  resistance  than  a  greater. 

14.  If  a  weight  be  drawn  or  pushed  by  any  power,  it  pushes 
or  draws  all  points  of  the  line  of  direction  equally.  And  it  is  the 
same  thing,  whatever  point  of  that  line  the  force  is  applied  to; 

15.  If  two  bodies  be  moving  the  same  way,  in  any  right  line 
tiieir  relative  motion  will  be  the  same,  as  if  one  body  stood  still, 
and  the  other  approached,  or  receded  from  it  with  the  difference 
of  their  motions ;  or  with  the  sum  of  their  motions,  if  they  move 
contrary  ways. 

-  16.  If  a  body  is  drawn  or  urged  by  a  rope,  the  direction  of  that 
force  is  the  same  as  the  direction  of  that  part  of  the  rope  next  ad- 
joining to  the  body. 

17.  If  any  force  is  applied  to  move  or  sustain  a  body,  by  means 
of  a  rope,  all  the  inteimediate  parts  of  the  rope  are  equally 
distended,  and  that  in  contrary  directions. 

18.  If  a  running  rope  go  freely  over  several  pullies,  all  the 
parts  of  it  are  equally  stretched. 

19.  If  any  forces  be  applied  against  one  end  of  a  free  lever  or 
beam,  the  other  end  will  thrust  or  act  with  a  force,  in  direction  of 
its  length. 

20.  The  parts  of  a  fluid  will  yield,  and  recede  towards  that  part 
where  it  is  least  pressed. 

i^l «  The  upper  part  of  a  fluid  is  sustained  by  the  lower  part. 

.      '  ExPLAlffATIOlf   OF   THE  ChARAOTEBS: 

OC  as,  or  in  a  given  proportion  to. 
Perp.  perpendicular. 
Had.  I'SKlius. 
&  the  sine. 
Cos.  the  cosine: 
Tan.  the  tangent. 
Cotan.  the  cotangent. 
Sec.  the  secant. 
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SECTION  FIRST. 

THE  GENERAL  LAWS  OF  MOTION. 


PROPOSITION  I. 
The  QUAirriTiES  op  matter  in  all  bodies  ake  in  the  coic* 

PLICATE   RATIO   OF   THEIR    MAGNITUDES   AND   DENSITIES. 

For  by  Definition  3,  if  the  maffnitudes  be  equal,  the  matter  will 
be  as  the  densities.  And  if  the  densities  be  e^ual,  the  matter 
will  be  as  the  magnitudes.  Therefore,  the  matter  is  universally  in 
die  compound  ratio  of  both. 

Corollary  1. — Ute  quantities  of  matter  in  similar  bodies,  are  as 
the  densities  and  cubes  of  their  tike  dimensions,  in  a  qthere.  The 
magnitude  is  as  the  cuble  of  the  diameter. 

r  Cor,  2.  Hie  quantities  of  matter  are  as  the  magnitudes  mtd  spedfiQ 
gravities.  For  the  specific  gravities  are  as  the  densities,  by 
Axiom  5. 

PROP.  n. 

The  QUANTITIES  OF  MOTION,  IN  ALL  MOVING  B0DIS8  WBAT* 
EVER,  ARE  IN  THE  COMPLICATE  RATIO  OF  THE  QUANTITIES 
OF    MATTER    AND  THE   VELOCITIES. 

For  if  the  velocities  are  equal,  it  is  manifest  (by  Axiom  4,)  tbftt 
the  quiBintities  of  motion  will  be  as  the  quantities  of  matter.  And 
if  me  quantities  of  matter  are  equal,  the  motions  will  be  as  ^e 
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velocities.  Therefore,  universally,  the  quantities  of  motion  are  in 
the  compound  ratio  of  the  velocities  and  quantities  of  matter. 

Cor.  In  any  sort  ofmotwny  the  quantity  of  motion  is  as  the  sum 
of  all  the  products  of  every  particle  of  matter  multiplied  by  its  respec-" 
tive  velocity. 

For  the  quantity  of  motion  of  any  particle  is  as  that  particle 
multiplied  by  its  velocity ;  and  as  each  particle  of  the  same  body 
moves  with  equal  velocity,  the  motionof  the  whole  will  be  the  sum 
of  the  motions  of  all  the  parts. 

PROP.  III. 

In  all  uniform  motions,  the  space  described  is  in  the 
complicate  ratio  of  the  time  and  velocity. 

For  it  is  evident,  if  the  velocity  be  given,  the  space  described 
by  any  body,  will  be  as  the  time  of  its  moving.  And,  if  the  time 
be  given,  the  space  described  will  be  greater  or  less,  according  as 
the  velocity  is  greater  or  less ;  that  is,  the  space  will  be  as  the  ve- 
locity. Therefore,  if  neither  be  given,  the  space  will  be  in  the 
compouncl  ratio  of  both  the  time  and  velocity. 

Ckfr.  The  time  is  as  the  space  directly^  and  velocity  reciprocalfy, 

PROP.  IV. 

The  motion   generated  by   any   momentary  jorce,  is  as 

THE     force    that   GENERATES     IT. 

.  For  if  a  certain  quantity  offeree  generates  any  motion,  a  double 
quantity  of  force  will  generate  double  the  motion ;  and  a  triple 
force,  triple  the  motion ;  and  so  on. 

Cor.  The  space  described  is  as  the  force  and  time  directh/y  and 
quantity  of  matter  reciprocally. 

For  by  this  Prop,  the  force  is  as  the  motion,  that  is  (by  Prop, 
ll.)  as  the  matter  and  velocity ;  therefore,  the  velocity  is  as  the 
force  directly  and  matter  reciprocally.  Also  (by  Prop.  III.)  the 
space  is  as  the  time  and  velocity,  and  therefore  as  the  time  and 
force  directly,  and  matter  reciprocally. 

Scholium. — Let  b  z=  body  or  quantity  of  matter  to  be  moved*, 
y  =  force  of  impulse  acting  on  the  body  b.  m  =  momentum  or 
quantity  of  motion  generated  in  6.  i;  =:  velocity  generated  in  b, 
8  =:  space  described  by  the  body  b.  tzz  time  of  describing  the 
space  8  with  the  velocity  v. 

Then^  by  the  three  last  Props,  we  shall  have  m  ccbv,  s  cc  tv, 
kod  f  am.  By  the  help  of  these  three  general  proportions,  the 
i!elation  of  the  spaces,  times^  veloeities^  &c.  may  be  found,  upon 
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all  supposittops.  And  tflwace  all  the  Uwb  and  propoitioDi 
beloDging  to  'miiloim  moliony  may  be  retdilv  and  nnivenally 
resoWed :  expooging  gudi  as  are  not  concerned  in  the  question ; 
and  rejecting^all  those  that  are  given  or  constant ;  and  also  those 
that  are  in  both  terms  of  the  proportion.  Thus  we  shall  get  in 
general^ 

f     CC     m     OC     bv      CL       Y 

m    <X    f      a     Jr      a      ^ 
1m  if 

*»  s  y 

"    «  T    «    T    «     T 

,    a  -i    a    ^     «     ^ 

V  V  s  s 


PROP.  V. 

In  ant  motion,  generated  bt  a  uniformly  accelerating 
force,  the  motion  generated  in  any  time  is  in  the 
complicate  ratio  of  the  force  and  time. 

For  in  any  given  time,  the  motion  generated  will  be  propor> 
tional  to  the  force  that  generates  it,  this  being  iti  natural  and 
genuine  effect.  And  since  in  all  the  several  parts  of  time^  th^ 
K»ce  is  the  same,  and  has  thie  same  efficacy,  therefore  the  motion 
generated  will  also  be  as  the  thne :  whence  universalfy,  the 
motion  generated  is  in  the  compound  ratio  of  both  tiie  force  and 
the  time  of  aCtidg. 

Car,  1.  ITds  PropotUum  it  equally  tine, -in  respect  to  the  tnotum 
kst  or  destroyed  in  a  moving, body,  by.  a  Jhrce  acting  m  a  contrary 
direction.    By  Axiom  1.2. 

Cor,  2,  If  the  ^^acethrm4gh  which  a  hotly  i$  moved  by  any ^fbrcCy 
be  divided  into  an  indefinite  number  of  tmaU  equal  parti  ;  and  ^  in 
each  part,  the  accelerative  force  acts  different^  tepon  the  tiixfy, 
according  to  any  certain  taw  ;  and  if  there  be  taken  the  product  of 
the  acceUratiiig  force  in  each  part  mtdtipUed  by  the  time  of  pasting 
through  it ;  then  I  say. 

As  any  uniform  accderativejorce  x  by  the  time  of  acting  (FT)  : 

Is  to  the  motion  generated  in  that  time  (M)  !  I ' 
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the  lines  AB,  AC.  Hien  since  the  force  acting  in  the  direction 
AC  parallel  to  BD,  by  Axiom  2,  will  not  alter  the  velocity  to- 
t^ards  the  line  BD ;  the  body  therefore  will  arrive  at  BD  in  the 
same  time^  whether  the  force  in  the  direction  AC  be  impressed  or 
not :  therefore^  at  the  end  of  the  time,  it  will  be  found  somewhere 
in  BD.  By  the  same  argument,  it  will  be  found  somewhere  in  the 
line  CD ;  therefore  it  will  be  fbiind  in  D,  the  point  of  intersection ; 
and  by  Axiom  1,  it  will  move  in  a  right  line  from  A  to  D. 

Otherwise : 

Suppose  the  line  AC  to  move  parallel  to  itself  into  the  place 
BD,  whilst  A  moves  from  A  to  C,  then  since  this  line  and  the 
body  are  both  equally  pioved  towards  BD,  it  is  plain  the  body 
mnst  be  always  in.  the  moveable  line  AC.  Therefore,  when  AC 
comes  to  the  position  bgy  let  .the  body  be  arrived  at  d;  then, 
since  both  the  line  AC  moves  uniformlj  along  AB,  and  the  body 
A  along  AC ;  therefore  it  will  be  as  A6 :  6df : :  AB :  BD^  therefore 
AdD  is  a  right  line. 

CaseIL    (jF^.I.P/.  L) 

Let  the  body  be  carried  through  AB,  AC,  by  an  accelerative 
force.  Then,  by  Prop.  VI.  the  space  described  will  be  as  the  time 
and  velocity,  and  therefore  the  velocity  will  be  as  the  space  directly 
and  time  reciprocally.  Also,  by  Cor.  3,  Prop.  V.,  when  the  force 
and  the  body  is  given,  the  velocity  is  as  the  time.  Whence  the 
time  will  be  as  the  space  directly  and  time  reciprocally,  and  the 
space  as  the  square  of  the  time.  That  is,  the  same  body  acted  on 
by  the  same  force  will  describe  spaces  which  are  as  the  squares 
of  the  times.  Now  let  thfe  time  of  describing  AB  or  AC  be  1 ; 
and  let  the  line  AC  move  along  with  the  body,  always  parallel  to 
itself,  and  in  the  time  t,  let  it  arrive  at  og,  and  the  body  at 
d,  moving  towards  g.  Then,  from  what  has  been  said,  it  is  as  1  : 
tt  ::  AB  :  Ab,  and  also  as'l :  «  ::  %  or  BD  :  bd,  whence  AB 
:  Ab  II  BD  :bd  therefore  Adl> is  a  right  line. 

And  if  you  suppose  the  space  to  be  as  the  nth  power  of  the 
time,  it  will  still  be,  !:<"::  AB  :  Ab  1 1  BD  :  W ;  and  AdD  is 
a  ri^t  line  for  any  similar  forces. 

Case  IIL    {Fig.  6.  PL  L) 

.  But  if  the  body  A  beoasriled.  through  AD*  by  a  uniform  force, 
in,  ttie  jsamte  time  thatit.w^nld  be  carried '  through  AM  by  an 
accelerative  force,  then,  by  both  forces,  acdng  together^  it  will,  at 
the  end  of  that  time,  be  found  in  the  point  H,  of  the  parallelo- 
gram MADH ;  b^t  tiiien  the  line  it  describes  AGH,  will  not  be  a 
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Cor.  1.  {Fig.  1.  PL  I.)  The  forctiy  in  the  dirtcHom  AB,  AC, 
ADy  are  remctivefy  propottionJ  to  the  lines,  AB,  AC,  AD. 

For  by  Cor.  Prop.  IV.  the  time  and  the  quantity  of  matter 
being  given ;  the  force  is  directly  as  the  space  described.  And 
in  accelerated  motion,  the  same  is  true,  by  Prop.  V.  Cor.  3.  and 
Prop.  VI. 

Cor.  2.  The  two  oblique  forcet^  AB,  AC^  are  equivaleni  to  the  tingk 
direct  force  AD,  which  miuf  be  compounded  of  thete  two,  by  drmoing 
the  diagonal  of  the  parallelogram  AD. 

Cor.  3.  Jfty  Mingle  direct  force  AD,  may  be  retolved  into  the  two 
dbUque  forces  whose  quantities  and  directions  are  AB,  AC,  hrnrinf 
the  same  effect,  hy  describing  any  parailelogram  whose  diagonal  M 
AD. 

Cor.  4.  A  ftotfy  being  agitated  by  two  forces  at  once,  will  pass 
through  the  same  point,  as  it  would  do  if  the  tUfo  forces  were  to  act 
separately  and  successively.  And  if  any  new  motion  be  impressed  on 
a  body  eiready  in,  motion,  it  does  not  alter  its  motion  m  liim  parallel 
to  its  former  direction* 

Car.  5.  (Fig.  2.  PI.  I.}  If  two  forces,  as  AB,  AC,  act  in  the  dS' 
rections  AB,  AC,  respectwely,  draw  AR  to  the  middle  of  the  right 
Une  BC,  and  2  AR  is  the  force  compounded  out  of  these,  and  AR 
its  Erection, 

PROP.  VIII.    {Fig.  3.  P/.  I.) 
Let  thebe  be  thbee  fobces,  A,  B,  C,  of  the   same   kind, 

ACTIHG  AGAINST  ONE  ANOTHEB,  AT  THE  POINT  D|  AND 
*  WHOSE  DIBECTIONS  ABE  ALL  IN  QNE  PLANE  ;  AND  IF  THET 
KEEP  ONE  ANOTHEB  IN  EQUILIBBIO,  THESE  FOBCES  WILL  BE 
TO  EACH  OTHEB  BESPECTIVELT,  AS  THE  THBEE  SIDES  OF  A 
TRIANGLE   DRAWN    PARALLEL   TO   THEIR    LINES   OF    DIRECTION, 

DI,  CI,  CD. 

Let  DC  represent  the  force  C,  and  produce  AD,  BD,  and 
complete  the  parallelogfora  DICH :  And  by  the  last  Prop,  the 
force  DC  is  equivalent  to  the  1  wo  forces  DH,  DI ;  put,  therefore, 
the  forces  DH,  DI  instead  of  DC,  and  all  the  forces  will  still  be 
in  equilibrio.  Therefore,  by  Ax.  II.,  DI  is  equal  to  its  opposite 
force  A,' and  DH  6r  CI  equal  to  its  opposite  forpe  B.  Therefore, 
the  three/forces  A,  B,  C  are  respectively  as  DI,  CI,  CD. 

Cor.  X^  Hence  the  forces.  A,  a.  Care  respectioely  as  the  three 
sides  of  a  triangle,  dtymm  perpendiadar  to  their  lines  of  direction,  or 
many  given  angk  to  them,  on  the  same  side.  For  such  a  triai^le 
will  pe  similar  to  the  former  triangle. 

Cor,  2.  The  three  forces  ABC  toill  be  toeach  other  as  the  sines  of 
the  angks  through  which  their  respective  Unes  of  direction  do  pas$^ 
when  produced: 
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,  Foe  DI  :  CI  : :  S.DCI  or  CDB  :  S.CDI  or  CD  A. 
And.CI :  CD  : :  S.CDI  or  CDA  :  S.CHD  or  HDI  or  ADB- 

Cor,  3.  If  there  he  ever  so  mani/ forces  acting  against  any  point 
in  one  plane,  and  keep  one  another  in  equilihrio,  they  may  be  ml  re- 
duced to  the  action  of  three,  or  even  of  two  equal  arid  opposite  ones. 

For  if  HD,  ID  be  two  forces,  they  are  equivalent  to  the  single 
force  DC.  and,  in  like  manner,  A  and  B  may  be  reduced  to  a  sin- 
gle force. 

Cor.  4.  And  if  ever  so  numy  forces  in  diffkrent  planes,  acting 
against  one  point,-  keep  one  another  in  eqtdubrio,  they  may  be  <M 
reduced  to  the  actions  of  severed  forces  in  one  plane,  and,  consequently, 
to  two  equal  amd  opposite  ones. 

For  if  the  four  forces,  A,  B,  H,  I,  act  against  the  point  D,and 
H,  I,  be  out  of  the  plane  ABD,  let  DC  be  the  common  section  of 
the  planes  ADB,  HDI;  then  the  forces  H, I,  are  reduced  to  the 
force  C,  in  the  plane  ADB. 

Scholium. — ^This  Prop,  holds  true  of  all  forces  whatever,  whe- 
ther of  impulse  or  percussion,  thrusting,  pulling,  pressing,  or 
whether  instantaneous  or  continual,  provided  they  be  all  of  the 
same  kind. 

Hence,  if  three  forces  act  in  one  plane,  their  proportions  are 
had;  and  if  one  force  be  given,  the  rest  may  be  found.  And  if 
four  forces  act,  and  two  be  given,  the  other  two  may  be  found ; 
but  if  only  one  be  given,  the  rest  cannot  be  found ;  for  in  the 
three  forces.  A,  B,  C,  the  force  C  may  be  divided  into  other 
two,  an  infinite  number  of  ways,  by  drawing  any  parallelogram 
DICH  about  the  diagonal  DC ;  and,  in  general,  if  there  be  any 
number  of  forces  acting  at  D,  and  all  be  given  but  two,  these 
two  may  be  found  ;  otherwise  not,  though  the  positions  of  them 
all  be  given. 

PROP.  IX.    (Tig.  4.  Tl.  I.) 

If  one  body  acts  against  another  body,  by  any  kind,  of 
force  whatever,  it  exerts  that  force  in  the  direction 
of  a  line  perpendicular   to   the    surface   whereon    it 

ACTS. 

Let  the  body  B  be  acted  on  by  the  force  AB  in  the  direction 
AB.  Let  the  body  C  and  the  obstacle  O,  hinder  the  body  B  from 
moving ;  divide  the  force  AB  into  the  two  forces  AD,  A£,  or 
EB,  DB,  by  Cor.  5,  Prop.  VII.  the  one  perpendicular,  the  other 
parallel  to  the  sur^ce  DB ;  then  the  surface  DB  receives  the 
perpendicular  force  £B,  and  the  obstacle  O  the  parallel  force  DB ; 
take  away  the  obstacle  O,  and  the  force  DB  will  move  the  body  B 
in  a  direction  parallel  to  the  surface,  with  no  other  e£^  than 
what  arises  from  the  friction  of  B  against  that  sur£ice,  occasioned 
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by  the  pressure  of  B  against  it  by  the  force  £B ;  wbidi,  if  the 
l^T&ce  be  perfectly  smooth  and  TOid  of  tenacity^  will  be  nothing. 
Ilbe  force  DB,  tberefbre,  ba?iog  oo  effect,  the  remainiog  force  £B 
will  be  the  only  one  whereby  me  body  B  acts  against  the  surfoce 
DBy  and  that  in  direction  £B,  perpendicular  to  it. 

Cor.  1.  If  a  given  body  B  itrike  another  botfy  C  ohUquehfy  at  any 
angle  ABD,  the  magnitude  of  the  Mtroke  toUl  he  directfy  a$  the  velO' 
dty  and  the  iine  of  the  angle  of  incidence  ABD ;  and  the  bodyC 
receives  that  stroke  in  the  direction  £B  perpendicular  to  the  turface 

For  if  the  angle  ABD  be  given,  the  stroke  will  be  greater  in 
proportion  to  the  velocity ;  and  if  the  velocity  AB  be  Kiven,  the 
stroke  will  be  as  AD,  or  S  Z.  ABD ;  or  the  magnitude  of  the 
stroke  is  as  the  velocity  wherewith  the  body  approaches  the  plane. 

Cor.  2.  (Fiff.  5.  PI.  I.)  If  a  perfectly  elastic  body  A  impinges  on 
ahardor  elastic  body  CB  ai  B,  t^  ioilt  be  reflected  from  it,  so  that 
the  angle  of  reflection  will  be  equal  to  the  angle  of  incidence. 

For  the  motion  at  6  parallel  to  the  sur&ce  is  not  at  all  changed 
by  the  stroke ;  and,  because  the  bodies  are  elastic,  they  recover 
their  figure  in  the  same  time  they  lose  it  by  the  stroke ;  therefore^ 
the  velocity  in  direction  BE  is  the  same  after  as  before  the  stroke. 
Let  A£,  BE,  represent  the  velocities  before  the  stroke,  and  ED 
(=  A£)  and  BE  the  respective  velocities  after  the  stroke ;  then  in 
the  two  similar  and  equal  triangles,  AEB,  BED,  /.  ABE  is  equal 
to  2l  EBD. 

But  since  no  bodies  in  nature  are  perfectly  elastic,  they  are 
something  longer  of  regaining  their  figure ;  and,  therefore,  the  an- 
gle DBF  vnll  be  something  more  acute  than  the  /.  ABG. 

Cor.  3.  If  one  given  body  impinges  upon  another  given  body,  the 
magnitude  of  the  stroke  vjul  be  as  the  relative  veloaty  between  the 

For  the  magnitude  of  the  stroke  is  as  the  line  BE,  {Fig,  4. 
.PL  I.)  or  the  velocity  wherewith  the  bodies  approach  each  other ; 
that  isy  as  the  relative  vdocity. 

Cor.  4.  And  in  any  bodies  whatever,  if  a  body  in  motion  strike 
against  another,  the  magnitude  of  the  stroke  wUl  be  as  the  motion  lost 
^  the  striking  body. 

For  the  motion  impressed  on  the  body  that  receives  the 
stroke  is  equal  to  the  magnitude  of  the  stroke ;  and  the  same 
motion  by  Ax.  3,  is  equal  to  the  motion  lost  in  the  striking  body. 

Cor.  5.  A  non-elastic  body  striking  another  non-elastic  bod^,  only 
loses  half  as  much  motion  as  if  the  bodies  were  perfectly  elasttc. 

For  the  non-elastic  bodies  only  stop;  but  elastic  bodies  recede 
with  the  same  velocity  they  meet  v^th. 
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Cor,  6.  HencCy  also,  itfeUows,  that  if  one  body  act$  tqMm  another, 
by  striking,  pressing,  3fc.  the  other  re-^icts  upon  this  in  the  directum 
o/*  a  Une  perpendicular  to  the  surface  whereon  th^  act.     By  Ax.  3. 

Scholium. — ^Though  the  momentum,  or  quantity  of  motion^  in 
a  moving  body;  is  a  quite  distinct  thing  from  the  force  that  gene- 
rates it,  yet,  when  it  strikes  another  body  and  puts  it  into  motion, 
it  may,  with  respect  to  that  other  body,  be  considered  as  a  certain 
quantity  of  force  -  proportional  to  the  motion  it  generates  in  the 
other  body. 

Also,  although  the  motion  generated  by  the  impulse  of  another 
body  is  considered  as  generated  in  an  instant,  upon  amount  of 
the  very  small  4me  i^  is  performed  in,  yet,  in  mathematical  strict^ 
ness,  it  1$  s^bsolutely  impossible  that  any  motion  can  be  generated 
in  an  instant,  by  impulse  or  any  sort  of  finite  force  whatever. 
For  when  we  consider  that  the  parts  of  the  body  which  yield  to 
the  stroke,  are  forced  into  a  new  position,  there  will  be  required 
some  time  for  the  yielding  parts  to  be  moved  through  a  certain 
space  into  this  new  position.  Now,  during  this  time,  the  two 
bodies  are  acting  upon  each  other  with  a  certain  accelerative  force, 
which,  in  that  time,  generates  that  motion,  which  is  the  effect  of 
their  natural  impulse.  So  that  it  is  plain  that  this  is  an  effect 
produced  in  time;  and  the  less  the  time,  the  greater  the  force;  and 
if  the  time  be  infinitely  small,  the  force  ought  to  be  infinitely  great, 
which  is  impcssible.  9ut  by  reason  that  this  effect  is  produced 
in  80  small  a  time  as  to  be  utterly  imperceptible,  so  that  it  cannot 
be  brought  to  any  calculation,  upon  this  account  the' time  is  en- 
tirely set  aside,  and  the  whole  effect  imputed  to  the  force  only, 
which  is  therefore  supposed  to  act  but  foi*  a  moment.  . 

llie  quantity  <jf  motion  in  bodies  has  been  proved  to  be  as  the 
velocity  and  quantity  of  matter.  But  the  momenta^  or  quantity 
of  motion  may  be  the  same  in  different  bodies,  and  yet  may  have 
very  different  effects  upon  other  bodies,  on  which  they  impinge. 
For  if  a  s^iall  body  with  a  great  velocity  impipge  upon  another 
body;  and  if,  by  reason  of  its  great  velocity,  it  act  jnore  strongly 
upon  the  small  part  of  the  body  which  it  impinges,  than  the  force' 
01  cohesion  of  the  parts,  of  that  body ;  then  the  part  acted  on  will, 
by  this  vigorous  action,  b'e  separated  from  the  re^t;  whilst,  by  reason 
of  the  very  small  time  of  dctingi  little  or  no  motion'  Is  communi- 
cated to  the  rest  of  the  body.  Bpt  if  a  great  body  with  a  ^mall 
velocity  strike  another  body,  and  if,  by  reason 'of  its  slow  motion, 
it  does  not  act  so  vigorously  as  to  exceed  the  foyce  of  cohesion, 
the  part  struck  will  communicate  the  motion  to  the  rest  of  the 
body,  and  the  whole  body  will  be  moved  together.  Thus,  if  a 
bullet  be  shot  out  of  a  gun,  the 'momentum  of  the  bullet»aQd  piece 
are  equal;  but  the  bullet  will  shoot,  through  a  board,  and  the  gun 
will  only  jump  a  little  against  4iim  that  discharges  it.  Therefor^ 
small  bodies,  with  great  velocity,  are  more  proper  to  tear  in 
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pieces;  and  great  bodies  with  small  Telocity,  to  shake  or  more 
the  whole. 

PROP.  X. 
The  sum  op  the  motions  op  ant  two  bodies  in  ant  one 

LINE  OP  direction,  TOWARDS  THE  SAME  PART,  CANNOT  BE 
CHANGED  BY  ANY  ACTION  OF  THE  BODIES  UPON  EACH  OTHER, 
WHATEVER  FORCES  THESE  ACTIONS  ARE  CAUSED  BY,  OE  TBI 
BODIES    EXERT   AMONG   THEMSELVES. 

Here  I  esteem  progressive  motions,  or  motions  towards  the  same 
part,  affirmative;  and  regressive  ones,  negative. 

Case  I. 

I^  two  bodies  move  the  same  way,  and  strike  one  another 
directly.  Now,  since  action  and  re-action  (by  Ax.  3.)  are  equal 
and  contrary,  and  this  action  and  re-action  is  the  very  force  by 
which  the  new  motions  are  generated  in  the  bodies,  therefore,  (by 
Ax.  2.)  there  will  be  produced  equal  changes  -towards  contrary 
parts.  And,  therefore,  whatever  quantity  of  motion  is  gained  by 
the  preceding  body  will  be  lost  by  the  following  one ;  and,  conse- 
quently, their  sum  is  the  same  as  before. 

And  if  the  bodies  do  not  strike  each  other,  but  are  supposed  to 
act  any  other  way,  as  by  pressure,  attraction,  repulsion,  &o.,  yet 
still,  since  action  and  re-action  are  equal  and  contrary,  there  will 
be  induced  an  equal  change  in  the  motion  of  the  bodies,  and  in 
contrary  directions;  so  that  the  sum  of  the  motions  will  still  re- 
main the  same. 

Case  IL 

Suppose  the  bodies  to  strike  each  other  obliquely;  then,  since 
(by  the  last  Prop.)  they  act  upon  each  other  in  a  direction  per- 
pendicular to  the  surface  in  which  they  strike,  the  action  ana  re- 
action in  that  direction  being  equal  and  contrary,  the  sum  of  the 
modons,  the  same  way,  in  that  line  of  direction,  must  remain  the 
same  as  before.  And  since  the  bodies  do  not  act  upon  each 
other  in  a  direction  parallel  to  the  striking  surface,  therefore 
there  is  induced  no  change  of.  motion  in  that  direction.  And 
therefore,  universally,  the  sum  of  the  motions  will  remain  the  same, 
considered  in  any  one  line  of  direction  whatever.  And  if  the 
bodies  act  upon  one  another  by  any  other  forces  whatever,  still 
(by  Axi  2,  and  3,)  the  changes  of  motion  will  be  equal  apd  con- 
trary, and  their  sum  the  same  as  before. 

Cor.  1.  The  turn  of  the  motiom  of  any  tystem  or  number  of  bodies, 
in  amf  one  line  of  directum,  taken  the  same  way^  remains  amays  the 
tame,  tohaiever  forces  these  bodies  exert  upon  each  other  f  esteeming 
contrary  motions  to  he  negative,  and,  therefore, 
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Cor,  2.  The  sum  of  the  motions  of  all  the  bodies  in  the  worlds  et^ 
mated  in  one  and  the  same  line  ofeUrection,  and  always  the  same  way^ 
is  etermdly  and  invariably  the  same ;  esteeming  these  motions  ajfi^ 
motive  which  are  progressive,  or  directed  the  same  way  ;  and  the  re^ 
gressive  motions  negative.  And,  therefore,  in  tlus  sense,  motion  can 
neither  he  increased  nor  diminished-     Btit, 

Cor,  3.  If  you  reckon  the  motions  in  all  eUrectiofu  to  be  termor 
tive,  then  the  quantity  of  motion  may  be  increased  or  decreased  an  m- 
Jinite  number  of  ways.  As,  suppose  ttco 'equal  non-elastic  bodies  to 
meet  one  another  with  equal  velocities,  they  will  both  stop  and  lose  all 
their  motions. 

For  let  M  be  the  motion  of  each,  then,  before  meeting  the  sum  ' 
of  their  motions  is  M-fM;  and  after  their  meeting,  it  is  o.  But 
in  the  sense  of  this  Prop.M — M  is  the  sum  of  the  motions  before 
they  meet,  because  they  move  contrary  ways^  which  is  o;  and  it  is 
the  same  after  they  meet.  And  thus  a  man  may  put  several  bodies 
into  motion  with  his  hands,  which  had  no  motion  before;  and 
that  in  as  many  several  directions  as  he  will. 

PROP,  XI. 

The  motions  of  bodies  included  in  a  given  space,  are 
the  same  among  themselves;  whether  that  space  is  at 
best,  or  moves  uniformly  forward  in  a  right  line. 

For  if  a  body  be  moving  in  any  right  line,  and  there  be  any 
force  equally  impressed,  both  upon  the  body  and  the  right  line  in 
any  direction;  and,  in  consequence  of  this,  they  both  move  uni- 
formly with  the  same  velocity ;  now,  as  there  is  no  force  to  carry 
the  body  out  of  that  line,  it  must  still  continue  in  it  as  hefore;  and 
as  there  is  no  force  to  alter  the  motion  of  the  body  in  the  right 
line,  it  will  (by  Ax.  1.)  still  continue  to  move  in  it  as  before.  For 
the  same  reason,  the  motions  of  any  number  of  bodies  moving  in 
several  directions,  will  still  continue  the  same;  and  their  motions 
among  themselves  will  be  the  same,  whether  that  space  be  atrest, 
or  moves  uniformly  forward. 

Likewise,  since  the  relative  velocities  of  bodies,  (that  is,  the  dif- 
ference of  the  real  velocities  the  same  way;  or  their  sum,  different 
ways)  remain  the  same,  whether  that  space  be  at  rest,  or  it  and  the 
bodies  move  uniformly  forward  all  togetlier;  therefore  their  mu- 
tual impulses,  collisions,  and  actions  upon  one  another,  being  "(by 
Cor,  3.  Prop.  IX.)  as  the  relative  velocities,  must  (by  Ax.  3.) 
remain  the  same  in  both  cases. 

Scholium.  Before  I  end  this  section,  it  may  not  be  amiss  to 
mention  a  certain  kind  of  force,  called,  by  the  foreigners,  vis  viva. 
This  they  term  a  faculty  of  acting ;  and  distinguish  it  i^m  the  vis 
mortua,  which,  with  them,  signifies  only  a  soUcitation  to  motion^ 
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such  as  pressure,  gravity,  &c. :  concerning  Ibis  vis  viva  they  talk  so 
obscurely,  that  it  is  hard  to  know  what  they  mean  b^  it.  But 
they  measure  its  quantity  by  the  number  of  springs  which  a  roov* 
JDg  body  can  bend  to  the  same  degree  of  tension,  or  break;  whe- 
ther it  be  a  longer  or  shorter  time  in  bending  them.  So  that  the 
vis  viva  is  the  total  effect  of  a  body  in  motion,  acting  till  its  motion 
be  all  spent.  And,  according  to  this,  they  find  that  the  force  (or 
vis  viva)  to  overcome  any  number  of  springs,  will  always  be  as 
the  body  multiplied  by  the  square  of  the  velocity. 

Suppose  any  number  of  equal  and  similar  springs  placed  at 
equal  distances  in  a  right  line,  and  a  body  be  moved  in  the  same 
right  line  against  these  springs;  then  ihe  number  of  springs  which 
that  body  will  break  before  it  stop,  will  be  as  the  square  of  its  ve- 
locity ;  whatever  be  the  law  of  the  resistance  of  any  spring  in  the 
several  parts  of  its  tension;  for,  from  the  foregoing  Prop,  it  ap- 
pears, that  the  swifter  the  body  moves,  so  much  the  less  time  has 
any  spring  to  act  against  it  to  destroy  its  motion;  and,  therefore, 
the  motion  destroyed  by  one  spiring  will  be  as  the  time  of  its  act- 
ing; and  by  several  springs,  as  the  whole  time  of  their  acting;  and, 
consequently,  the  resistance  is  uniform.  And  since  the  resistance 
is  uniform,  the  velocity  lost  will  be  as  the  time,  that  is  as  the  space 
directly  and  velocity  reciprocally ;  whence  the  space,  and  there* 
fore,  the  number  of  springs,  is  as  the  square  of  the  velocity.  And 
upon  this  account  they  measure  the  force  of  a  body  in  motion,  by 
the  square  of  the  velocity.  So  at  last  the  vis  viva  seems  to  be  the 
total  space  passed  over,  by  a  body  meeting  with  a  given  resistance, 
which  space  is  always  as  the  square  of  the  velocity.  And  this 
comes  to  the  same  thing  as  the  force  and  time  together,  in  the 
common  mechanics. 

Now  it  seems  to  be  a  necessary  property  of  the  viivtvo,  that  the 
resistance  is  uniform ;  but  there  are  infinite  cases  where  this  does 
not  happen ;  and,  in  such  oases,  this  law  of  the  vis  viva  roust  fail. 
And  smce  it  feils  in  so  many  cases,  and  is  so  obscure  itself,  it 
ought  to  be  weeded  out,  and  not  to  pass  for  a  principle  in  me- 
chanics. 

Likewise,  if  bodies  in  motion  impinge  on  one  another,  the  con* 
servatioD  of  the  vis  viva  can  only  taLa  place  when  the  bodies  are 
perfectly  elastic.  But  as  there  are  no  bodies  to  be  found  in  na- 
tnie  which  are  so;  this  law  will  never  bold  good  in  the  motion  of 
bodies  after  impuJse,  but,  in  this  respect,  it  must  eternally  &il. 

This  notion  of  the  vis  viva  was  first  introduced  by  M.  Leibnitz, 
yho  believed  that,  every  particle  of  matter  was  endued  with  a  liv- 
ing soul. 
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SECTION  SECOND. 

THE  LAWS  OF  GRAVITY,  THE  DESCENT   OF 
HEAVY  BODIES,  AND  THE  MOTION  OF  PRO-. 
JECTILES,  IN  FREE  SPACE. 


PROP.  XII. 

The  same  quantity  of  force  is  requisite  to  keep  a  body 
in  any  uniform  motion,  directly    upwards,  as   is   »b- 

QtriRED   TO    KEEP    IT   SUSPENDED,   OR    AT    REST. 
And   IF   A    BODY    DESCENDS    UNIFORMLY,  THE  SAME   FORCE   THAT 
IS    SUFFICIENT   TO    HINDER  ITS  ACCELERATION  IN  DESCENDIJ^G, 
IS    EQUAL   TO   THE   WEIGHT   OF    IT. 

For  the  force  of  gravity  will  act  equally  on  the  body  in  anj 
state  whether  of  motion  or  rest;  therefore,  if  a. body  is  prcjected 
directly  .upwards  or  downwards,  with  any  degree  of  velocity,  it 
would  for  ever  retain  that  velocity  if  it  were  not  for  the  force  of 
gravity  that  draws'  it  down,  (1^  Ax.  1.)  If,  therefore,  a  force  equal 
to  its  gravity  were  applied  directly  upwards;  then  (by  Ax.  9.) 
jtbese  two  forces  destroy  each  other's  effects ;  and  it  is  the  same 
thing  as  if  the  body  was  acted  on  by  no  force  at  all;  and,  ther^ 
fore,  (by  Ax.  1.)  it  would  retain  iUt  uniform  motion. 

Cor.  But  if  a  body  be  moved  upwards  with  an  accelerated  motion^ 
the  force  to  cause  tlmt  motion  will  be  greater  than  its  weight  ;■  imd 
that  in  proportion  to  its  acceleration,  (by  Ax.  10.) 

PROP.  XIII. 

The    VELOCITIES    of    falling    bodies    ARE    AS    THE    TIMES    O* 
THEIR   FALLING   FROM    REST. 

For  by  Postulate  3.  the  body  is  uniformly  acted  on  by  gravity, 
which  is  its  accelerating  force  downwards;  therefore,  by  Cor.  3. 
Prop.  V.  the  velocity  is  as  the  force  and  time  directly,  and  the 
matter  reciprocally.  But  by  Ax.  5.  the  force  of  gravity  is  as  the 
quantity  of  matter;  and,  consequently,  the  velocity  wiU  be  as  the 
time. 
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Cor.  1.  AU  bodies  faliing  by  their  own  weighty  gain  equal  veiod^ 
ties  in,  equal  times. 

Cor.  2.  Whatever  velocity  a  faUimg  body  gains  m  any  time,  if  it 
be  thrown  directly  ypwards,  U  vnll  lose  as  much  in  an  eqtial  time  ;  by 
Ax.  12.  Andy  thfirefore. 

Cor.  3.  If  a  body  be  projected  towards  with  the  velocity  it  ac 
quired  l^  falling  in  any  time;  it  wul,  in  the  same  time,  lose  all  its 
motion.  Hence,  also. 

Cor.  4.  Bodies  thrown  upwards  lose  equal  velocities  m  equal  times. 

PROP.  XIV. 

The  spaces  described  by  falling  bodies  are  as  the  squares 
of  the  times  of  their  falling  from  rest. 

For  by  Postul.  3.  gravity  is  a  uniformly  accelerating  force; 
therefore,  (by  Prop.  VI.)  the  space  described  is  as  the  time  and 
velocity.  But  by  the  last  Prop,  the  time  is  as  the  velocity  ;  and, 
therefore^  the  space  described  is  as  the  square  of  the  time. 

Cor.  1.  The  spaces  described  by  falling  bodies  are  also  as  the 
squares  of  the  velocities  ;  or  the  velocity  is  as  the  square  root  of  the 
heightfallen. 

Cor.  2.  Taking  any  equal  parts  of  time  ;  then  the  spaces  described 
by  a  failing  body,  in  each  successive  part  of  time,  will  be  as  the  odd 
number$,  1,  3, 5,  7,  9, 11,  Sfc, 

For,  in  the  times  1,  2, 3,  4,  &c.,  the  spaces  described  will  be  as 
their  squares  1,  4,  9,  16,  &c.  And,  therefore,  in  the  differences  of 
the  times,  or  in  these  equal  parts  of  time,  the  spaces  described  will 
be  as  te  diftrences  of  the  squares,  or  as  1,  3,  5,  7,  &c. 

Cor.  3.  A  body  moving  with  the  velocity  acquired  by  falling 
throng  amy  space,  will  describe  twice  tluU  space  in  the  time  of  its 
/oH.  By  Cor.  1.  Prop.  VI.   * 

.  Cor.  i*  J^a  body  be  projected  upwards  with  the  velocity  it  acquired 
tn falling,  it  will,  tn  the  same  time,  ascend  to  the  same  height  itfeU 
from ;  aid  describe  equal  spaces  in  equal  times,  both  m  rising  and 
faOing,  but  in  an  inverse  order,  an4  will  have  the  same  veloaty  at 
every  paint  of  the  line  described* 

For  by  Cor.  2.  Of  the  last  Prop,  equal  velocities  will  be  gained 
or  lost  in  equal  times,  (reckoning  from  Che  last  moment  of  the  de» 
aoent.)  T»erefote,  si&ce,  at  the  several  correspondent  points  of 
time,  the  velocities  will  be  e^ual^the  spaces  described  in  any  given 
time  will  be  equal,  and  the  wholes  equal. 

Cor.  5.  Jf  bodies  be  projected  upwards  with  any  velocities,  the 
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heights  of  their  ascent  will  be  as  the  squares  of  tfte  velocities,  or  as  the 
squares  of  the  times  of  tfteir  ascending. 

For,  in  descending  bodies^  the  spaces  descended  are  as  the 
squares  of  the  last  velocities,  by  Cor.  1.  And  by  Cor.  4.  the 
spaces  ascended  will  be  equal  to  those  deicended. 

Cor.  6.  Ifaho^^  is  projected  upwards  with  any  velociti/,  with  the 
same  velocity  imdiminished,  it  would  describe  twice  the  space  of  its 
whole  ascent y  in  the  same  time.  By  Cor.  3.  and  4. 

Cor,  7.  Hence^  also,  all  bodies  from  equal  altitudes  descend  to  the 
surface  of  the  earth  in  equal  times. 

Scholium. — It  is  known  by  experiments,  that  a  heavy  body 
falls  16i^3  feet  in  a  second  of  time,  and  acquires  a  velocity  which 
will  carry  it  over  32  i  feet  in  a  second ;  which  being  known,  the 
spaces  described  in  any  other  times,  and  the  velocities  acquired, 
will  be  known  by  the  foregmng  propositions;  and  the  contraiy. 
These  propositions  are  exactly  true,  where  there  is  no  resistance 
to  l^inderthe  motion;  but  because  bodies  are  a  little  resisted  by 
the  air,  descended  bodies  will  be  a  little  longer  in  faUing*;  and  a 
body  projected  upwards,  will  be  something  longer  in  descending 
than  in  ascending,  and  falls  with  a  less  velocity ;  and,  consequently, 
a  body  projected  upwards  with  the  velocity  it  falls  with,  will  not 
ascend  quite  to  the  same  height;  but  these  errors  are  so  small,  that, 
in  most  cases,  they  may  safely  be  neglected. 

If  the  force  by  which  a  body  is  accelerated  in  falling  was  di- 
rectly as  the  height  fallen  from ;  it  may  be  computed  (by  Cor.  2. 
Prop.  V.)  tliat  the  velocity  acquired  will  also  be  as  the  height; 
or  the  space  described  directly  as  the  velocity.  And,  therefore,  if 
bodies  were  projected  upwards,  they  would  in  this  case  ascend  to 
heights,  which  are  as  the  velocities  with  which  they  are  projected. 
This  being  compared  with  Cor.  5.  of  the  last  Prop,  it  is  easy  to 
conclude  that  bodies  projected  upwards,  and  acted  upon  by  a 
force  which  is  neither  of  a  given  quantity,  nor  in  proportion  to  the 
distance  of  the  body  from  the  top  of  the  ascent,  but  between  them; 
that  these  bodies  will  then  ascend  to  heights  which  are  between 
the  simple  and  duplicate  ratio  of  the  velocities. 

And  as  these  propositions  lead  us  to  the  knowledge  of  the  rela-  . 
tion  between  the  velocities  and  spaces  described,  from  the  forces 
being  given,  so,  vice  versA,  from  that  relation  being  given,  the 
forces  may  be  known.  Whence,  if  bodies  are  projected  widi  any 
velocities  into  a  resisting  medium,  and  the  spaces  described 
within  that  body,  measured,  the  constitution  of  that  body,  and  the 
law  of  its  resistance,  will  be  found. 


Digitized 


by  Google 


Sect.  IL  PROJECTILES.  21 

PROP.  XV.     {rtgura  6  and  7.  PL  I.) 

If  a  body  be  projected  either  parallel  to  the  BORIZON9 
OB  IN  ANY  OBLIQUE  DIRECTION,  IT  WILL,  BY  ITS  MOTION, 
DESCRIBE    A    PARABOLA. 

Let  AD  be  the  direction  of  the  motion,  AFG  the  curve  de-* 
scribed ;  and  let  AB,  BC,  CD,  &c.  be  all  equal ;  draw  AM,  BF, 
CG,  DH,  &c.  perpendicular  to  the  horizon ;  and  complete  the  pa- 
rallelograins,  AF,  AG,  AH,  &c.,  then,  by  Ax.  t.  if  the  body  were 
without  gravity,  it  would  move  on  in  the  line  AD,  and  describe 
.  the  lines  AB,  BC,  CD,  &c.  in  equal  times.  Now,  since  gravity 
acts  in  lines  perpendicular  to  the  horizon,  it  does  not  affect  the 
motion  in  direction  AD,  but  generates  a  motion  in  direction  AM. 
So  that  the  body,  instead  of  being  at*  B,  C,  D,  &c.,  will,  at  the 
same  points  of  time  be  at  F,  G,  H,  Ice.  But  in  the  time  of  describ- 
ing AB,  AC,  AD,  the  body,  by  the  force  of  gravity,  will  descend 
through  the  spaces  BF,  Cu,  DH ;  which  are  as  the  squares  of  the 
times  they  are  described  in,  ^y  Prop.  XIV.)  that  is,  as  the  squares 
of  the  lines,  AB,  AC,  AD.  But  AB,  AC,  AD,  are  equal  to  KF, 
LG,  MH;  and  BF,  CG,  DH,  equal  to  AK,  AL,  AM.  Therefore, 
the  parts  of  the  axis  of  the  curve,  AK,  AL,  AM,  &c.  are  respec- 
tively as  the  squares  of  the  ordinates  KF,  LG^,  Mil*,  &c.  And 
therefore,  by  the  conic  sections,  the  curve  AFG  is  a  parabola. 

Cor.  1.   The  line  of  direction  AD  tf  a  tangent  to  tie  curve  in  A. 

KF*       AB* 
And  the   lotus  rectum  to  the  point  A    is  or    ■         And  in 

"^  AK        BF"       .^ 

the  oblique  prqjectum,  {Fig,  7.   PL  I.)   the  parameter  u  > 

BF 
supposing  AGP  perpendicular  to  AM,  and.G  the  vertex.    For 
^^     AO»        AP« 
*^"Br  =  CG=Gp-  .. 

Cor.  2.  If  the  horizontal  velocities  of  projectiles  be  tlte  ._. 
whatever  their  elevations  be,  they  will  describe  the  same  parabola. 

Forif  AB  be  the  veloci^  and  direction'  t>f  the  projectile,  then 
AG  is  the  horizontal  velocity.  When  the  body  comes  to  the  ver- 
tex G,  its  motion  is  then  parallel  to  the  horizon,  which  parallel 
motion  remains  the  same,  as  before,  that  is,  ^qual  to  AG.  There- 
fore it  describes  the  same  parabola,  as  a 'body  projected  from  G 
with  the  velocity  AG  parallel  to  the  horizon. 

Cor.  3.  The  velocity  of  a  projectile  in  any  point  of  the  curve^  is  as 
the  secant  of  the  angle  f^its  direction  above  the  horizon. 

For  AG  the  horizontal  velocity  is  the  same  at  all  points  of  the 
curve ;  and  the  velocity  AB  at  A,  in  the  curve,  is  the  secant  of  the 
angle  of  elevation  GAB. 

Cor.  4.  Tlie  velocity  at  ar^  point  of  the  curve  is  the  same  that  is 
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acquired  h/ falling  tfirough  i  the  parameter  belonging  to  thut  point  ^ 
or,  which  is  the  same,  through  ^  of  the  prindpal  latrn  rectum  -f  the 
abscissa  to  that  points 

For  let  1\  be  the  space  fallen  through  to  acquire  the  velocity  in 
any  point  as  A ;  then  the  space  AD  described  in  the  same  time 
with  that  velocity  in  direction  AV,  will  be  2AI  (by  Cor.  3.  Prop. 
XIV.)  but  in  the  same  time,  by  the  same  force  of  gravity,  the  booy 
will  descend  through  an  equal  space  DH,  therefore  AU  or  MHlz 

,  MH^_4AM' 

2DH  or  2AM,    but  the  P^^^^^ter  r: -tijt— -r^    or  4AM. 

Therefore  AM  or  AI  :=  ^  parameter. 

PROP,  XVI.     {Fig.  7.  P/.  I.) 

The  horizontal  distances  of  projections,  made  with  any 
velocities,  and  at  any  elevations,  are  as  the  sines  op 
the  doubled  angles  of  elevation,  and  the  squares  of 
the  velocities  conjunctly. 

Let  V  :=  veJ^ity  of  the  projectile  ;  measured  by  the  space  it 
passes  through  in  time  1".   ' 
*        y*  ZZ  descent  of  a  body  by  gravity  in  the  sanie  time, 
X  iz  AE  the  horizontal  distance,  or  amplitude. 

s  =  «nc  \  of  the  elevation  VAE. 

c  2=  cosiTte  y  ^ 

A=  «n€  I  of  twice  the  elevation. 

Uiz  vers,  sine      S   -^ 
Then  by  trigonometry,  2sc  =  A,  and  2»  =  B,  when  the  radius 
is  1.    And  in  the  right  angled  triangle  AEV. 

c  :  x  ::   (rad.)  1  :  f_=:  AV,  and" 
c 

c   ;    X     ::     s    :    ?i?l  =  VE. 
c 

And  by  Prop.  III. 

t; :  (time)  1  : :  (AV)  JL  :  JL  zn  time  of  describing  AV. 
c       cv 

And  by  Prop.  XIV. 

/:  (time)  1  M  —  (VE)  :  ff.  =:  square  of  the  time  of 
c  cf 

desQibing  VE.    Now  the  times  of  describing  AV,  VE,  and  the 

curve  AGE  are  all  equal.     Whence  ^  =:-^.  Therefore  x=! 

cf       wcc 

WK  _  vvA    ^^^  therefore  x  or  AE  is  as  wA. 

Cor.   Hence,  the  altitudes  of  projections  are  as  the  squares  of  the 
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sines  qfelevationy  and  the  squares  of  the  vdocities  ;  oty  as  the  versed 
sines  of  the  doubled  angles  of  devotion,  and  the  squares  of  the 
velocities.  "         ' 

For  if  G  bethe  vertex,  GP  =     CP  =  *  VE,  and   VE  = 

^=:-^    TTiereforeGP^    ^  ^  .:^    TTierefow  GP 

/  „  4/         -8/. 

IS  as  wss  or  as  wB. 

Cor.  2.  The  times  of  flight  of  projectiles  are  as  the  velocities^  and 
the  sines  of  elevation. 

X      vs 

For  the  time  :z — ^^^-rr 

cv     f 

Cor.  3.  The  greatest  random  or  horigontal  prt^ectionj  is  at  the 
elevation  of  45  d^rees ;  and  ike  koriiontal  disUtnces  are  equalj  at 
elevations  equalfy  distant  above  or  below  45** 

Scholium. — ^Let  (  be  the  height  of  the  perpendicular  projection 

w 
witli  the  velocity  v;  then  will  ks:  jy    Whence 

Borizoiitdl  dtstimce  =:  -"-^  rr  -—-7-  is  4sch  =  2  AA. 

wss         rt^B 
Altitude  of  the  projection  =  --ry  3  -— ^-  =  m/i  =  ^  BA. 


TimeofJUghtz:ij-=:,2s/j 


PROP.  XVII;    (J%.8,   P(.I.) 

The  distances  of  projections  made  on  ant  inclined  planes, 
are  in  the  complicate  ratio  op  the  sines  of  the  angles 
which  the  lines  op  direction  make  with  the  plane  and 
zenith,   and   the  squares  of  the,  velocities,  directify  ; 

AND     THE     COSINES     SQUARED     OF     THE      PLANE'S     ELEVATION 
RECIPROCALLY. 

Let  A'E  be  the  inclined  plane,  AV  the  direction  of  the  pro* 
jeetite,  SA,  CP,  VE,  perpendicular  to  the  hoinon ;  AGE  the  path 
of  the  projectile,  and  let  vss  velocity  of  the  projectile  in^A, 
measured  by  the  space  it  describes  in  the  times  1.  /rz  space 
described  by  a  dedcending  body  in  the  same  time,  s  =  sine  of 
VAE.  c=s  sine  of  VAS.  ^  =  sine  of  SAE.  *  =  AE  the 
oblique  distance  or  random. 

Then  by  plane  trigonometry. 

c  :  X  (AE)  ::  a: :  AV  =  ~.  and 
c:*::  «  :  VE  =  -^ 
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And  by  Prop.  III. 

Space  t; :  time  1  ::  (AV)  —  :  —  zz  time  of  describing  AB. 

And  by  Prop.  XIV. 
sx     gx 
Space/ :  time  i  : :  (VE)  —  •  7"  =  square  of  the  time  of  de- 

soeodiiig  through  VE. 
But  Sie  times  of  describing  AV,  VE,  being  equal,  we  have 

iX        XXZZ  $  XZZ  ^  8CW  ,   ^,    . 

fi^'i^'  ^'  7  =  ^ST*  ''^^"'^  ""-fiT'  and/bemgagiTen 

quantity,  x  or  AE  is  as-— • 

Cor.  1.  The  heights  above  the  planes  are  as  the  sgtiores  of  the 
velocities^  the  squares  of  the  sines  of  elevation  above  the  plane, 
directly ;  and  the  squares  of  the  cosines  of  the  planers  elevatims. 

For  if  AP  z:  PE,  then  G  is  the  vertez  of  the  parabola,  in 

sx       ssw 
respect  of  the  plane  AE.    And  GP  =:  }  VE  =:  ~  =S  -^. 

Cor.  2.  The  times  of  flight  are  as  the  velocities  and  skies  of 
elevation  above  the  plane,  md  the  comes  of  the  piam^s^  elevatiom 
tedprocaUy. 

zx        sv 

For  the  time  is  =r  -—  =  -jr. 

CO        fz 

Cor,  3.  Eence,  also,  the  attitude  teas  the  square  of  the  time  of 
JUgia. 

ssw  sv 

For  the  altitude  is ,  and  the  time  as  — * 

zz  g 

Cor.  4.  The  greatest  prqfection  tqHm  an  inclined  plane  is  when 
the  Une  of  direction  bisects  the  angle  between  the  plane  and  zenith  ; 
and  the  projections  are  equal  at  devotions  equally  distant  from  this 
UnCf  above  and  below. 

For  upon  the  same  plane,  AE  is  as  sc,  and  sc  is  greatest  when 
sszc:  and  at  equal  distsuices  abore  and  below  ic  is  the  same. 

Cor.  5.  7^  Prop,  holds  true,  whether  the  prcjections  be  made  tq^ 
or  down  the  planes^  or  whether  both  planes  be  inclined,  or  one  is 
inclined,  and  the  other  horizontal. 

Scholium. — ^Let  h  zz  height  of  the  perpendicular  projection  as 
w 
jbefore,  then  hzz-r?*    Whence^         _ 

sew        4sch 
Lengaqftheprofectum^z-j^ZZ-j^' 
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Height  o^  Oeprofeetitm:::  -^  =  -^• 
■nmeafJUght  =  ^  =  if^^ 

And  if  dzz  A£  the  length  of  the  projection,  then 


whence  v 


\^   $c' 


/« 


=  1/, 


And  supposing  the  utmost  random  of 

one  of  oar  greatest  guns  to  be  5864  paceS|  then  v  :=  194  paces 
=;  324  yards,  so  that  a  ball  shot  out  ot  her,  moves  at  the  rate  of 
324  yards  in  a  second.  All  this  supposes,  that  there  is  no  resist- 
ance of  the  medium ;  but  it  may  be  noted,  that,  by  reason  of 
the  air's  resistance,  the  upper  randoms,  being  more  resisted, 
scarce  go  so  fiir  as  the  under  randoms ;  and  the  greatest  random 
upon  a  horizontal  plane,  is,  therefore,  at  something  leis  elevation 
than  45  degrees. 
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SECTION    THIRD. 

THE  PROPERTIES  OF  THE  MECHANICAL  POW- 
ERS;  THE  BALANCE,  THE  LEVER,  THE  WHEEL, 
THE  PULLEY,  THE  SCREW,  AND  THE  WEDGE. 


PROPOSITION  XVni.   {Fig.  9.  PL  I.) 

If,  at  the  ends  of  a  balance,  AB,  which  are  equally 
distant  from  the  centre  of  motion  c,  two  equal  weights 
be  suspended,  they  will  be  in  equilibrio. 

Here  AB,  that  represeDts  the  balance,  is  supposed  to  be  a  right 
line,  in  which  are  tne  three  points  A,  B,  C ;  now,  the  weight*  A, 
B,  cannot  act  upon  one  another  any  otherwise  than  by  means  of 
the  balance  AB,  whose  fixed  point  is  C. 

Suppose,  then,  that  any  force  applied  at  A  puts  the  body  A 
into  motion,  and  by  means  of  the  balance,  the  body  B ;  then,  since 
the  brachia  (or  arm)  of  the  beam  CA  and  CB  are  equal,  the  arches 
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Aa,  Bbf  described  by  these  bodies,  will  be  equal ;  conaequentl^i 
the  velocities  and  quantities  of  matter  of  A,  6,  being  equals  their 
momenta,  or  motions,  will  be  equal ;  and,  because  ACB  is  a  right 
line,  they  move  in  a  contrary  direction ;  and,  Iherefore,  by  Ax. 
9,  these  bodies  cannot,  of  themseWes,  raise  one  the  other,  but  must 
remain  in  equilibrio. 

Cor.  Henety  egmd  foneSy  A^  B,  applied  at  enml  dktancetjrom 
the  centre  of  motkm  G,  will  have  the  §ame  effect  m  trnnkig  the 
balance. 

PROP.  XIX.  {Flguree  10,  19.  20.  flfirf  H.  FlaUi  I.  and  H.) 

Jn  any  straight  lever,  if  the  power  P  be  to  the  weight 
W  AS  the  distance  of  the  weight  from  the  fulcrum  C 

TO  the  distance  of  the  power  PaOM  THE  FULCRUM,  THE 
,  POWER  AND  WEIGHT  (ACTING  PERPENDICULARLY  ON  LSVER) 
.      WILL   BE   IN   EQUILIBRIO. 

A  lever  is  any  inflexible  beam,  stafl^  or  bar,  whether  of  metal 
or  wood,  &c.,  that  can  any  way  be  applied  to  move  bodies. 
There  are  four  kinds  of  levers : 

1.  A  lever  of  the  first  Jdnd  is^  that  where  thefulonim  is  between 
the  weight  and  the  power,  {Jig.  10.  PL  I.) 

2.  A  lever  of  the  second  kind  is,  where  the  weight  iSxbetweeo 
the  fulcrum  and  the  power,  (Jig.  19.  PL  II.) 

3.  The  lever  of  the  third  kind  is,  where  the  power  P  is  between 
the  weight  and  the  fulcrum,  (Jig.  20.  PL  II.) 

4.  The  fourth  kind  is  the  bended  le^er,  {Jig.  12.  PL  I.) 

CASE  I.     {Fig.  10.  PL  I.) 


In  the  lever  of  the  first  kind  WCP,  instead  of  the  power  P,  ap- 
ply a  weight  P  to  act  at  the  end  of  CP.  And  let  the  lever  WCP 
be  moved  into  the  position  aCb.    Then  will  the  arches  Wfl,P6  be 


as  the  radii  C  W,  CP ;  that  is,  as  the  velocities  of  the  wdi^ht  and 
power.  Whence, sincfe  P  :  W.  f.  CW;  CP,  therefore  P:  W:« 
velocity  of  W  :  velocity  of  P  :  therefore  P  X  velocity  of  P  s  W 
X  velocity  of  W.  Consequently  the  momenta  or  motions  of  P 
and  W  are  equal.  And  since  they  act  in  contrary  directions, 
therefore  by  Ax,  9.  neither  of  them  can  move  the  odier,  but  they 
will  remain  in  equilibrio. 

CASE  II.  {Figures  1 9  am/  20.  PL  II.) 
The  levers  of  the  second  and  third  kind  may  be  reduced  to  tl^f 
first,  thus ;  make  Cp  n  CP,  and  instead  of  the  power  P,  apply  a 
weight  equal  to  it  at  p.  Then  by  Case  I.,  the  weight  W  and 
power  D  will  keep  one  another  in  equilibrio ;  and  (by  Cor.  Prop. 
XVIII.)  the  weight  j7  and  power  P  vtrill  have  the  same  effect  m 
turning  the  lever  about  its  centre,  therefore  the  power  P  and 
weight  W  will  be  in  equilibrio. 
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Cor.  1.  (Figures  10, 11, 12, 13, 14, 15, 16.)  In  ar^  sort  of 
lever y  whether  straigftt  or  bended^  and  whether  moveable  about  a  single 
point  C,  or  an  arts  AB;  or  whether  the  lever  he  fixed  to  the  axis  and  ' 
bath  together  moveable  about  two  centres  A,  B ;  or  whatever  form 
the  levers  have;  ifAB  be  a  right  line,  and  from  the  ends  P,  W,  there 
be  drawn  lines  to  the  centre  C,  or  perpendiculars  to  the  axis  AB; 
and  if  the  power  and  weight  act  perpendicular  to  these  lineSf  and  he 
ahoo^s  reciprocally  as  these  distances  drawn  to  the  centre  C  or  ains 
AB;  then  theywUl  be  in  equUibrio, 

Cor.  2.  ([Figures  17  and  18.)  In  any  sortqfUverVfCV^  andm 
whatever  directions  the  power  and  loeight  act  on  it;  if  their  quantitiet 
be  recwrocaUyas  the  perpendiculars  to  their  several  lines  afdirectumf 
let  fou  from  the  centre  of  motion,  they  wiU  be  in  equilibrio.  Or  they 
will  be  in  equUibrio,  when  the  weight  mvltipUed  hf  its  distance,  andthe 
S.  angle  of  its  direction,  is  equal  to  tlie  power  muUiplied  by  its  distance, 
and  S.Z  of  its  direction.    W  x  WC  X  S.DWC=P  X  PC  X  S.EPC, 

For  the  power  and  weight  wiU  be  in  equilibrio  if  they  be  sup- 
posed to  act  at  £  and  D;  and  (by  Ax.  14.)  it  is  the  same  things 
whether  they  act  at  E  and  D,  or  at  P  and  W.  Also  by  trigono- 
metry, WC  X  S.W=:DC,  and  PC  x  S.P=CE. 

Cor,  3.  Hence  universally,  if  any  force  be  applied  to  a  lever,  itt 
effect,  in  moving  the' lever,  wiU  be  as  that  force  multiplied  by  the  dis-^ 
tance  of  its  line  of  direction  from  the  centre  of  motion.  Or  the  effect 
is  as  tile  force  X  oy  its  distance  from  the  centre,  and  by  the  sine  of 
the  angle  of  its  direction,  P  X  PC  X  S.P. 

Cor,  4.  Ifttvo  bodies  be  in  eqmlibrio  on  the  lever,  each  weight  tit 
reciprocally  as  its  distance  from  the  centre. 

Cor,  5,  In  the  straight  lever  when  the  weight  and  power  are  t» 
equUibrio,  and  act  perpendicularly  on  the  lever,  or  in  parallel  direc^ 
tions;  then  of  these  three  the  power,  weight,  and  pressure  upon  the 
fukrum,  any  one  of  them  is  as  the  distance  of  the  other  two. 

For  if  CP  represent  the  weight  W,  then  CW  will  represent  the 
power  P.  And  in ^.10.  {pi.  I.)C  sustains  both  the  weights,' and 
therefore  the  pressure  is  WP;  and  figures  19,  20.  {pi.  II.)  C  sufr* 
tains  the  difference  of  the  weights,  and  therefore  the  pressure  will 
beWP. 

PROP.  XX.    {Fig,  21 .  PI.  II.) 

If  several  weights  be  suspended  on  a  straight  lever'  AB ; 

AND  IF  the  sum  OF  THE  PRODUCTS  OF  EACH  WEIGHT,  MUL- 
TIPLIED BY  ITS  DISTANCE  FROM  THE  CENTRE  OF  MOTION  C, 
ON  ONE  SIDE,  BE  EQUAL  TO  THE  SUM  OF  THE  LIKE  PRODUCTS 
ON  THE  OTHER  SIDE;  THEN  THEY  WILL  BE  IN  EQUILIBRIO^ 
AND  THE  CONTRARY. 
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For  ihe  force  of  each  weight  to  iiio?e  the  krer  ii  at  the  weight 
multiplied  by  the  distance  (hy  Cor.  3.  last  Prop.);  and  the  sum  of 
the  fffoducts  b  as  the  whote  forces ;  which  it  they  be  equal,  the 
forces  on  both  sides  are  equal,  and  die  lever  remains  at  rest. 

PROP.  XXI.    {J%.  22.  PI,  n.) 

Ip  a  bended  lever  WCP  be  EEPT  in  EQtriLIBEIO  BT  TWO 
POWERS,  ACTING  IN  THE  DIRECTIONS  PB,  WA  PERPENDICU- 
LAR TO  THE  ENDS  OP  THE  LEVER  CP,  CW ;  AND  IP  THE 
LINES  OF  DIRECTION  BE  PRODUCED  TILL  THEY  MEET  IN  A, 
AND  AC  BE  DRAWN,  AND  CB  PARALLEL  TO  WA;— I  SAT 
THE  POWER  P,  THE  WEIGHT  OR  POWER  W,  AND  THE  PORCB 
ACTING    AGAINST  THE    PULCRUM   C,    WILL    BE    RESPECTIVBLT 

AS  AB,  BC,  AC ;  and  in  these  very  directions. 

Draw  CB,  CF  parallel  to  WA,  PA ;  dien  die  angle  WFC  = 
WAP^CBP,  and  die  right  angled  triangles  WCF  and  BCP  are 
similar;  whence  CF  :  CB  ::  CW:  CP  ::  (by  Cor.  2.  Prop. 
XIX.)  power  P:  power  W.  Now  since  (by  Ax.  14.)  it  is  the 
same  thing  to  what  points  of  the  lines  of  direction  PB,  WF,  the 
forces  P,  W  be  applied ;  let  us  suppose  them  both  to  act  at  the 
point  of  intersection  A ;  then  since  tne  point  A  is  acted  on  by  two 
forces  which  are  as  CF  and  CB,or  as  AB  and  AF;  and  bodi 
these  are  equivalent  to  the  single  force  AC  (by  Cor.  2.  Prop.  7.) 
Therefore  the  fulcrum  C  is  acted  on  by  the  force  AC,  and  in  diat 
direction,by  Ax.  11. 

Cor.  1.  Hence  the  power  P,  the  toeight  W,  and  the  preuure  the 
jyicrum  C  tustttins;  are  retpectivefy  at  WC,  PC,  and  PW.  That 
iiy  any  one  is  at  the  dittance  of  the  other  two. 

For  since  die  angles  at  P,  W  are  right;  CA  is  die  diameter  of 
a  circle  passing  dirough  the  points  A,  P,  C,  W ;  therefore  the 
angle  WPC=WAC=ACB,  and  the  angle  CWP=CAP;  diere- 
foie  die  triangles  ABC,  WCP  are  similar;  and  AB  :  BC  :; 
WC  :  CP,  and  BC  :  AC  ::  CP  :  PW.    Therefore,  &c. 

Cor.  2.  In  am^  lever  WCP,  the  lines  of  direction  of  the  powers 
PW,  WF,  and  of  the  pressure  on  the  fulcrum  C,  au  tend  to  one 
point  A. 

For  if  not,  the  lever  would  not  remain  in  equilibrio. 

PROP.  XXII.    iFig.  23,  PL  II.) 
If  AB,  CD,  be  two  levers  moveable  about  A  and  C,  and 

SOME  force  acts  UPON  THE  END  B  OP  THE  LEVER  AB,  IN  A 
GIVEN  DIRECTION  BF ;  WHILST  THE  LEVER  AB  ACTS  UPON  CD 
AT  F:  IF  B£  BE  DRAWN  PERPENDICULAR  TO  CB,  AND  A£ 
'  PARALLEL  TO  BF  :  AND  IF  THESE  LEVERS  REEP  ONE  ANOTHER . 
IN  EQUXUBllZO:— THEN  I  SAT,  THE  PORCB  IN   DIRSCTION   BF, 
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FORCE   AGAINST    DC     IS    DIRECTION     EB,  AND    THE    PRESSURE 
AGAINST  THE  CENTRE  A,  ARE  RESPECTIVELt  AS  AE,  BE,  AB. 

For  since  (by  Prop.  IX.)  the  lever  AB  acts  upon  BC  at  B,  in 
the  direction  EB  perpendicular  to  b6  ;  and  the  lever  CD  re-acts 
in  direction  BE ;  and  (by  Ax.  19.)  the  point  A  is  acted  on  in  di- 
rection BA.  Therefore  the  point  B  is  acted  on  with  three  forces  ; 
BF  the  force  applied  at  B,  and  BE  the  re-action  of  the  lever  CD, 
and  AB  the  re-action  of  the  centre  A ;  and  AE  is  parallel  to  BF ;. 
therefore  (by  Prop.  VIII.)  these  forces  are  as  A£^  BE,  and 
AB. 

Cor.  If  two  forces  BF,  BE^  acting  perpendicular  to  the  levers 
AB,  DC,  keep  these  levers  in  equilibrio.  The  force  BE,^rce  BF, 
and  pressure  at  AJ  are  respectively  as  racUus.  Cos,  ABD,  and 
S.ABD. 

For  then  EAB  is  a  right-angled  triangle;  and  these  forces  are 
as  BE,  AE,  and  AB;  that  is,  as  radius,  S.ABE^  and  S.AEB; 
that  is,  as  radius,  Cos.  ABD,  and  S.ABD. 

prop!  XXlil.  (F^.  24.  PL  li.) 
If  AB,  BC  be  two  levers  moveable  about  the  centres  A  and 

C;  IP  THE  CIRCLES  KBM  AND  DBE  BE  DESCRIBED  WITH  THE 
RADII  BC,  BA;  AND  UPON  THE  CIRCLE  BM  AS  A  BASE,  WITH 
THE  GENERATING  CIRCLE  DBE,  THE  EPICYCLOID  BNE  BE  DE- 
SCRIBED; AND  THE  LEVER  CB  AND  EPICYCLOID  BNE  BE  JOIN- 
ED TOGETHER  IN  THAT  VERY  POSITION,  SO  AS  TO  MAKE  BUT  ONB 
CONTINUED  LEVER  ^CBNE.  AnD  IF  THESE  LEVERS  CBNE, 
AND  AB  MOVE  ABOUT  THE  CENTRES  C,  A  ;"  SO  THAT  THE  END  D 
OF  THE  LEVER  AD  BE  ALWAYS  IN  THE  CURVE  OF  THE  EPICY- 
CLOID DK;  I  SAY,  THAT  TWO  EQUAL  AND  CONTRARY  FORCES  AT 
D  AND  K,  ACTING  PERPENDICULAR  TO  THE  RADII  DA,  KC, 
WILL  ALWAYS  KEEP  THESE  LEVERS  IN  EQUILIBRIO. 

For  let  the  levers  AB,  CBNE  come  into  the  position  AD, 
CKDF ;  then  since  the  epicycloid  KD  is  "describedby  the  point 
D,  whilst  the  arch  DB  rolled  upon  tlie  equal  arch  BK,  therefore 
the  end  D  of  the  radius  AD  hath  •moved  through  an  arch  BD 
equal  to  the  ardi  BK,  through  which  K  has  moved.  Therefore 
tiie  points  D,  K,  have  equal  velocities  in  any  corre^ondent  places 
D,  K.  Therefore  equal  weights  H,  I,  applied  to  the  circles  DB 
and  BMG  vnll  have  equal  quantities  of  motion ;  and  will  there- 
fore keep  each  other  in  equilibrio,  by  Ax.  9. 

Cor.  1 .  Hence  if  one  lever  AD  move  uniformly  about  the  centre 
A,  the  ot/ter  CKD  will  also  move  uniformly  about  its  centre  C.  And 
the  arch  BD  described  by  D  will  be  equal  to  the  arch  BK  described 

Cor.  2.  It  is  the  same  thing  whether  the  lever  AB  act  against 
the  convex  or  concave  side  of  the  lever  CKD,  provided  the  end  D 
he  always  in  the  curve  KD. 
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Cor,  3.  (Fig.  25.  PI.  II.)  After  a  like  manner  t^  BE  ir  on  epicycloid 
described  within  the  circle  BUM,  by  the  generating  circle  BD ;  and 
the  lever  CBE  be  compounded  of  the  right  line  CB  and  the  epicycloid 
BE;  then  the  levert  CBE  ami  AB,  by  equal  forca  acting  at  B,  will 
keep  one  another  in  eqmlibrio  in  anypotition^  a$  CKF  and  AD. 

For  when  AB  is  come  to  AD,  and  CBE  to  CKDF;  then  the 
arch  BK  =  arch  BD.  Whence  the  weight  or  forces  actinic  at  the 
distances  CB,  AB,  have  equal  velocities ;  and^  therefore,  will  sus- 
tain one  another. 

Cor.  4.  (Fig.  26.  PI.  II.)  IJBChe  infinite,or  (which  ii  the  tame 
thing)  if  BK  hearight  line  perpendicular  to  AB ;  then  BEor  KDF 
will  be  the  common  cycloid.  Therefore^  whiUt  the  point  D  moves  loii- 
Jbrmly  about  the  centre  A,  the  point  K  will  move  uniformly  alongjhe 
right  line  BK,  and  with  equal  velocities  and  forces  ;  the  ixfintu  in 
the  mean  time  acting  upon  the  cycloidal  tooth  KD.  Ana  any  equal 
opposite  forces  will  sustain  one  another, 

Jh  like  manner^  (Fig.  27.  PI.  II.)  ^BA  be  infinite,  orBDa  right 
line  perpendicular  to  BC  ;  then  BE  or  DK  wilt  be  an  epicycloid ge-* 
nerated  by  the  tangent  DB  revolving  on  the  circle  BK.  And  the  V0- 
hcities  of  Kin  the  right  line  BK,  and  of  D  in  the  right  line  BD, 
will  be  always  equal:  and  equal  forces  will  be  sustained  at  B,  in  all 
positions  of  the  lever  CKD. 

Cor,  5.  (Fig.  1.  PL  III.)  Ifthefgure  of  the  tooth  ef  at  theendofthe 
lever  AB,  be  given ;  andtheepicycloidBEbe  described  as  before.  And 
if  the  levers  AD,  CB,  be  made  to  revolve  about  their  centres  A,  C; 
so  that  the  point  B  aiwcofs  move  m  the  qticycloid  BE  or  KD.  And 
if  the  tract  of  the  extreme  points  of  the  tooth  be  marked  out  upon  the 
plane  of  the  cycloidal  tooth,  as  fggggc  or  fimnne.  And  if  tlte  part 
fgDdkfbe  cut  awayy  if  the  tooth  be  to  act  on  the  concave  side  of  the 
epicycloid;  orfne  Ddkf,ifon  the  convex  side.  Then  if  the  levers 
revolve  so  that  the  tooth  move  along  the  curve  gg  or  nn;  the  points 
D  and  K  of  the  levers  AB,  CD,  will  move  with  equal  velocities,  in 
the  arches' BD,  BK,  as  before.  For  the  fixed  point  B  in  the  tooth 
wilt  still  describe  the  epicycloid. 

.  Cor.6.(Fig.2.  Pl.III.)  JjT^Ac  two  epicydoidsBE,BO,  be  described 
upon  BM,  BL,  with  the  generating  circles  BD,  BK ;  and,  tlte  levers  AB^ 
CB,  revolve  about  the  centres  A,  C;  so  that  the  point  B  or  D  of  the 
lever  AB  move  along  the  epicyclcid  BE  or  KDS.  Then  the  point  B  or 
K,  of  the  lever  CB,  wilt  at  the  same  time  move  along  the  epicycloid 
BO  Or  DKT  ;  and  the  points  D,  K,  will  describe  the.  equal  arche» 
BD,  BK.  And,  therefore,  it  is  tlte  same  thing  on  which  kver  the 
eydoidal  tooth  be  placed,  or  whether  on  one  or  both. 

For  the  epicycloid  DKT  generated  on  DB,  will  pass  through 
K,  if  BDziBK.  Also  the  epicycloid  KDS,  generated  upon  KB,, 
will  pass  through  D,  when  BKr^BD. 
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ScB0Lii7ic.-^Fi^:iiret  24  aiul25.  PL  II,)  IheleveisAByCByaie 
supposed  only  to  act  upon  one  another,  below  the  Une  AC ;  for  was 
the  action  supposed  to  be  continued  above  the  Une  AC,  the  point 
B  would  no  longer  act  on  the  same,  but  on  a  different  epicyciQid  ^ 
and  the  equality  of  motion  would  hold  no  longer. 

PROP.  XXIV.  {Fig.  3.  PL  III.) 

In  the  wheel  and  axle,  if  the  power  P  be  to  the  weight 
W,  AS  the  diameter  of  the  axle  EF  where  the  weight 
acts,  to  the  diameter  of  thewheelAB,  where  the  power 

-  acts;  then  the  power  and  weight  will  be  in  EQUILIBRIOy 

and  the  contrary. 

For  kt  AB  be  the  wheel,  CD  the  axle;  and  suppose  the  wheel 
and  axle  to  turn  once  round  ;  then  it  is  plain  the  power  P  will 
have  descended  a  space  equal  to  the  circumference  of  the  wheel ; 
and  the  weight  W  will  have  risen  a  height  equal  to  the  circuio- 
ference  of  the  axis.  Therefore,  velocity  of  P,  to  velocity  of  W  ;  J 
as  circumference  of  the  wheel,  to  circumference  of  the  axis  1 1 
or  as  diameter  of  the  wheel  to  diameter  of  the  axis  ;  I  that, 
is  (by  supposition)  as  W  to  P.  Therefore  the  motions  of  P  and 
W  are  equal ;  and  have  equal  forces  to  move  each  other ;  and 
therefore  (by  Ax.  9.)  will  remain  in  equilibrio. 

This  Prop,  will  apnear  otherwise.  For  the  wheel  and  axle 
may  be  reduced  to  a  lever  of  the  first  kind :  for  the  fulcrum  will 
be  in  the  middle  of  the  axis  CD.  Therefore,  drawing  lines  from 
the  middle  of  the  axis  to  the  power  and  weight,  parallel  to  the 
horizon ;  and  the  radius  of  the  wheel  will  be  the  distance  of  the 
power,  and  the  radius  of  the  axle  the  distance  of  the  weight.  And, 
as  their  radii  are  reciprocally  as  the  weight  and  power,  therefore 
(by  Prop.  XIX.)  they  will  be  in  equilibrio.  Aud  thus,  the  wheel 
and  axle  is  no  more  but  a  perpetual  lever. 

Cor,  1.  If  the  rope  have  any  sensible  thickness;  then  if  the 
tangent  to  the  power  P  :  weight  *I  diameter  of  the  axle  -f  the  eUa^ 
meter  of  the  rope :  diameter  of  the  wheel  where  the  power  acts;  thiof 
will  be  in  equilibria. 

For  the  weight  really  hangs  half  the  thickness  of  the  rope,  be» 
yond  the  axle. 

Cor.  2.  (Fig.  5.  PI.  III.)  If  the  direction  of  the  power  is  not  a 
tangent  to  the  wheel ;  suppose  it  to  act  at  "D  or  d,  and  let  CA  be 
perpendicular  to  the  line  ^direction;  then  if  "P  :  W  ;•  CB  :  CA^ 
thm  they  will  be  in  equilSfrio,  by  Cor.  2.  A-op.  XIX. 

Cor.  3.  (Fig.  4.  PI.  III.)  If  the  wheel  and  axle,  one  or  both  haoe 
teeth;  then  if  the  power  P  acting  on  the  teeth  atB,beto  the  weigkt 
V/ acting  on  the  teeth  at  A;  as  the  diameter  of  the  axle  at  A,totk0 
diameter  of  the  wheel  at  B ;  then  the  wheel  it  in  eqmUbrio. 
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Cor.  4.  And  it  it  the  tame  thmg,  tfimtead  of  a  yahed  thert  he 
anfy  tpokesitxed  m  the  axity  whoie  length  tt  equal  to  the  radimt  of  the 
whed:  ana  coiy  other  equal  force  be  ^tpiiedjor  a  power,  in^Uad  of 
the  weight  P. 

Cor,  5.  The  farce  of  the  weight  it  mereated  when  one  or  more 
Mpiret  of  the  rope  itfoUed  about  the  axle.  For  that,  in  effect,  aug- 
ments the  diameter  of  the  axle. 

Cor.  6.  It  mattert  not  how  low  the  weight  hangt.  For  whiltt  the 
axle  remains  the  tame^  the  retittance  of  the  ufeig&  remaim  thetamCf 
tetting  aside  the  weight  of  the  rope. 

PROP.  XXV.  {Fig.  6.  PL  in.) 
Let  NBDy  MBK  be  two  toothed  wheels  in  the  same  plavb, 

AND  IF  TBE  TEETH  OF  THE  WHEEL  BM  BE  THE  EPICYCLOIDS  Be, 
hd,  KD,  DESCRIBED  ON  THE  BASE  KBM,  WITH  THE  OENERATINO 
CIRCLE  BNy  AND  THESE  TEETH  ALL  EQUIDISTANT  ;  AND  IF  B^ 
dj  Dy  THE  ENDS  OF  THE  TEETH  OF  THE  WHEEL  NBD  BE  ALSO 
EQUIDISTANT,  AND  THESE  DISTANCES  Bd,  dCk  EQUAL  TO  B^  kHi, 

Then,  I  sat,  the  points  of  the  teeth  B,  d,  D,  will  all  act 

TOGETHER,  ON  THE  CTCLOIDAL  TEETH  BE,  kd,  KD,  AS  THE 
wheels  TURN  ROUND.  AnD  ANY  POINTS  D,  K,  WILL  ICOTE 
THROtrOH    EQUAL  ARCHES    BD,  BK  IN  EQUAL  TIMES. 

Draw  the  radii  AD,  A<2,  CK,  and  CA;  then  AD  and  CKD 
may  be  considered  as  two  lej^era  moring  about  A,  C,  and  acting 
on  one  another  in  D :  and  the  same  of  Ady  Ckd,  acting  at  d.  But 
by  the  motion  of  the  wheels  BD,  BK,  suppose  D  always  to  be 
in  the  epicycloid  KD;  then  (Cor.  1.  Prop.  XXIII.)  will  BD=; 
BK,  and  since  Dd  =:  Kk,  dierefore  Bd  will  be  =:  B^,  and  conse- 
quently (by  Cor.  1,  Prop.  XXIII.)  the  point  d  will  be  in  the 
epicycloid  kd.  And  thus,  if  there  be  never  so  many  teeth 
B,  d,  D,  &c.  they  will  always  be  in  the  curves  of  the  epicy- 
cloids BE,  kdf  KD,  &c.  Therefore  the  working  teeth  either  act  all 
at  once  upon  one  another,  or  they  act  not  at  sdl.  And  as  the  ve- 
locities of  any  points  are  equal  in  the  two  wheels  BD,  BK,  when 
only  one  tooth  acts  upon' one,  they  will  still  be  equal,  if  never  so 
many  act  together. 

Cor.  1.  Hence  equal  weights  or  forcet  applied  to  the  drcumfer* 
ences  of  these  two  wheels,  at  at  B,  and  acting  one  against  the  other , 
toill  keep,  these  wheels  in  equUibrio.  Likewise,  it  is  the  same  Min^ 
whether  the  wheel  AB  drive  the  wheel  CB,  its  teeth  acting  iqpon  the 
concave  side  of  the  cycloids;  or  the  wheel  CB  drive  AB,  the  canned 
side  of  the  cycloid  acting  against  the  teeth  of  AB. 

Cor.  2.  (Fig.  7.  PI.  III.)  Hertte^instead of  the  points  B,  or  the 
infinitely  smail  teeth  of  the  wheel  ABD ;  if  any  tort  of  a  tooth  rt  be 
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placed  at  B ;  and  if  the  wheek  be  made  to  move  about  so  that  the  given 
point  B  mm/  describe  the  epicycloid  BE. or  KD,  whilst  the  trade  of 
the  extreme  points  of  the  tooth  is  marked  out  as  KeD,  K/T> ;  and  the 
space  KeD/*  be  cut  away;  and  the  same  be  done  for  all  the  otlter  teethy 
being  equidistant  arid  of  tfie  same  form  and  bigness.  Then  if  qnfi  of 
these  wfieels  is  supposed  to  drive  the  oilier,  by  these  te&th  running  in 
the  spaces  T>fKe ;  1  say,  the  circumferences  of  these  wheels  will  move 
with  equal  velocities,  and  all  the  working  teeth  will  act  together. 
This  is  evident,  because  the  points  B,  D,  will,  by  this  motion,  de- 
scribe the  epicycloids  as  before. 

Cor.  3.  (Fig.  8.  PI.  III.)  If  the  epicycloid  BV  be  described  on  the 
base  KBH,  with  the  generating  circle  BD ;  and  a  portion  of  the  epicy- 
cloid be  placed  at  equal  distances  B,  L,  K,for  teeth  ;  then  the  teeth  of 
the  wheel  A  acting  against  the  cycbidal  teeth,  will  make  the  motion 
equal  in  the  two  wheels.  Where  we  may  take  as  great  a  portion  of 
the  cycloid  as  we  will;  and  the  sidesBO,  LI,  wfudt  act  not,  may  Bern 
any  figure,  not  to  hinder  the  motion  of  the  teeth  of  A.  And  it  is  the 
same  thing  what  part  of  the  tooth  LO,  the  tooth  G  acts  against. 

Cor.  4.  But  the  teeth  ought  not  to  act  upon  one  another  before 
they  arrive  at  the  line  AC,  which  joins  their  centres.  And  though 
the  side  BO  of  the  tooth  may  be  of  any  form;  ^et  it  is  better  to 
fnake  them  both  sides  alike,  which  will  serve  to  make  the  wheels  turn 
backwards.  Also  a  part,  as  pqr,  may  be  cut  away  on  the  back  of 
every  tooth,  to  make  way  for  tliose  of  A»  And  the  more  teeth  that 
work  together,  the  bettea';  at  least  <me  tooth  should  always  begin  be* 
fore  the  other  hath  d/me  working:  the  teeth  ought  to  be  disposed  m 
such  manner  as  not  to  trouble  or  hinder  one  another,  before  they  be- 
gin to  work;  and  that  there.be  a  convenient  length,  depth,  and 
thickness  given  them,  that  they  may  more  easUydisengage  themselves^ 
as  well  as  for  strength. 

PROP.  XXVI.  (^Fig.  1.  Fl.  IV.) 

In  a  combination  of  wheels  with  teeth,  if  the  power  P  be 
the  weight  w  ;  as  the  probuct  of  the  diameters  op  all 
the  axles,  pinions,  or  trundles,  to  the  product  of  all  the 
diameters  of  all  the  wheels,  they  will  be  in  equilibrio. 

For,  (by  Prop.  XXIV.)  the  power  P  acting  at  A:  force  on  B  : : 
diam.  B  :  diam.'A, and  force  on  fiorC  :  force  on  D  :i  diam. 
D  :  diam.  C,  and  force  on  D  or  E  :  weight  W  at  F  t:  diam.  F«: 
diam.  E.  Therefore,  ex  equo.  Power  P  :  weight  W  1 1  prodnct 
'of  the  diameters  B,  D,  F  :  to  the  product  of  the  diameters  A,  C,  E. 

Cor.  l.(Fig.3.  PI.  IV.)  In  a  combination  of  wheels  going  Iw  cords, 
if  the  power  P  be  to  the  weight  Vf,  as  the  product  of  all  the  diameters 
of  the  axles,  B,  D,  F,  to  the  fivduct  of  all  the  diameters  rf  the 
wheels.  A,  C,  E;  th^  will  be  m  eqmUbrw. 
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Forthe  cords fltipply  tbe plaee  of  teeibi 

Cor.  2.  (Fig.  1 .  Fl.  4.)  In  emy  comhmatwn  of^ohetli  with  teeth, 
if  the  power  ^  be  to  the  weight  Vf ;  m  the  diameter  of  the  axle  F 
v^ere  the  taeight  actty  multiplied  into  the  product  of  the' teeth  m  e&cA 
pinioH  or  iphSu,  if  to  the  dwmeter  of'  the  wheel  K,  where  the  power 
acts,  nttdiipliediy  the  prodtut  of  the  teeth  in  each  of  the  wheeU  {thai 
the  pinions  act  against) ;  the  weight  and  power  will  he  in  equilibrio. 

For  the  number  of  teeth  in  each  wheel  and  pinion  that  act 
against  one  another  are  as  the  circnmferences  or  as  the  diameters 
of  that  wheel  and  pinion. 

Cor,  3.  And  hence  alsOy  if  the  power  be  to  the  weight,  in  a  ratio 
compounded  of  the  diameter  of  the  axle  F,  where  the  weight  acts  to 
the  diameter  of  the  wheel  A,  where  the  power  acts,  and  the  ratio  of 
the  number  of  teeth  in  thefrst  axle,  (B),  reckoning  from  the  power  ; 
to  the  number  of  teeth  in  the  iecond  wheel  (C),  and  of  the  number  of 
teeth  in  the  second  axle  (D),  to  the  number  in  the  third  wheel  (E) ; 
and  so  on  till  the  last ;  then  they  will  be  in  equilibrio. 

Cor.  4.  In  a  combination  of  wheels,  the  number  of  revolutions  of 
the  wheel  F  where  the  weight  acts,  to  the  number  cj  revolutions  of 
the  wheel  A  wftere  the  power  acts,  in  tlie  same  time  ;  is  as  the  pro^ 
duct  of  the  teeth  m  the  pinions,  to  the  product  of  the  teeth  in  the 
wheek  which  act  in  them;  or  as  thepndnetof  the  diameters  of  the 
pinions,  to  the  product  of  the  diameters  of  the  wheels. 

Scholium. — Wheels  with  oblique  teeth  come  under  the  same 
rules ;  bat  as  they  are  related  to  the  screw,  we  refer  you  thither  for 
a  iarther  account  thereof. 

In  wheels  whose  teeth  work  together,  they  should  not  encounter 
before  they  come  to  the  line  joining  their  centres ;  because  the 
rubbing  is  greater  on  that  side ;  but  being  past  the  line,  the  teeth 
slip  easily  along  one  another,  in  making  their  escape,  so  that  the 
friction  is  very  inconsiderable. 

PROP.  XXVn.    {Figures  A  and  5.    PI.  IV.) 

If  a  power  sustain  a  weight  bt  means  of  a  rope  going  over 
a  fixed  pulley  ;  then  the  power  is  equal  to  the  weight. 
But  if  the  pulley  be  moveable    together    with    TttE 

WEIGHT,  AND  THE  OTHER  END  OF  THE    ROPE   FIXED  ;   THEN  THE 
power  will  be  BUT  HALF  THE  WEIGHT. 

For  suppose  a  horizontal  line  AB  drawn  through  the  centre  of 
&e  puUey  C ;  then  Ratline  will  represent  a  lever,  and  (in^.  4.) 
^ere  the  pulley  is  fixed,  the  centre  C  being  kept  unmoveable, 
represents  the  mlcrum;  whilst  the  weight  acts  at  6,  and  the 
power  at  A.  And  because  BC  =  CA,  therefore  (by  Prop.  XIX.) 
the  power  P  is  equal  to  the  weight  W. 
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And  (in  fig,  5.)  the  fixed  point  B  is  the  fulcnun,  and  the 
weight  acts  at  C,  and  the  power  at  A ;  and  since  BC  is  half  AB, 
therefore  (by  Prop.  XIX.)  the  power  at  P  is  half  the  weight  W. 

Cor,  (Fig.  6.  PI.  IV.)  Hence  aU  fixed  puUies  are  equivalent  to 
levers  of  the  first  kind.  And  they  add  no  new  force  to  tlie  power j  hut 
only  serve  to  change  the  direction,  and  facilitate  the  motion  of  the 
rope :  but  a  moveewle  pulley  doubles  the  force.  And  ifaropego  over 
several  pullies,  A,  B,  C,  whose  blocks  are  all  fixed ;  the  power  is 
neither  increased  nor  diminished. 

PROP.  XXVIII.      {Fig.  7.  Fl.  IV.) 

Ik  a  combination  of  pullies  all  drawn  by  one  running 
rope  ;  if  the  power  p  be  to  the  weight  w  ;  as  1  to  the 
number  of  parts  of  the  rope  at  the  moveable  block  a  ; 
they  will  be  in  equilibrio. 

For  (by  Ax.  18.)  all  the  parts  of  the  rope  >w,  o,  n,  r, «,  f,  v/are 
equally  stretched ;  and  the  weight  W  is  sustained  by  die  number 
of  ropes  that  act  against  the  moveable  block ;  and  the  rope  v  or 
the  power  P  acts  with  the  force  of  one  or  unit.  Therefore  the 
power  is  to  the  weight,  as  1  to  the  number  of  ropes  pulling  at  the 
moveable  block  A. 

Cor.  Hence  the  power  is  to  the  force  by  which  the  immoveable 
block  B  is  drawn;  as!  to  the  number  of  ropes  acting  against  that 
immoveable  block. 

PROP.  XXIX.  {Fig.  2.  FL  IV.) 

In  the  screw,  if  the  power  P  be  to  the  weight  W,  as  the 
height  of  one  thread  (reckoned  according' to  the  length 
^     of  the  screw)  to  the  ^circumference  described  by  one 
revolution  of  the  power  ;  then  they  will  be  in  equili- 
BRIO. . 

For  the  weight  W  raises  the  height  of  one  thread,  whilst  the 
power  described  the  circumference  whose  radius  is  PC.  There- 
fore the  velocities  of  the  power  and  weight  are  reciprocally  as  their 
quantities :  therefore  their  motions  are  equal,  and  they  are  in 
equilibrio. 

Cor.  1.  (Fig.  1 .  PI.  V.)  In  the  endless  or  perpetual  screw  AB, 
having  one  worm,  letf,  or  toothy  which  drives  the  teeth  of  the  wheel 
CD.  if  you  take  the  distance  of  two  threads  in  the  screw  AB,  accords 
ins  to  the  length  of  the  axis  AB ;  or  the  distarux  of  two  teeth  in  the 
wheel  CD,  in  direction  of  the  circumference.  And  if  a  weight  W  act 
at  the  circumference  of  me  wheel  Cl).  Then  if  the  power  P  be  to  the 
toeightW,  as  that  distance  (of  the  teeth  or  threads)  to  tlte  len^h  de^ 
icnhed  by  the  powerF,  in  one  revolution;  then  they  are  m  eqwUbrio. 
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For,  in  one  lenrfutkm  of  P»  llie  wheel  DC  with  ihe  weight  W, 
has  moved  the  distance  of  one  tooth. 

Car,  2.  And  imhenaifyy  if  there  he  teveral  wfirtm  or  tpiral  kave$^ 
vpon  the  axis  AB,  and  the  weight  G  hangt  tipon  the  axle  £F.  Then 
"^  the  power  P,  it  to  the  weight  G  II  oitheradiia  of  the  axle  £F 
X  number  of  worms  in  AB/  to  AP  X  number  of  teeth  in  CD. 
Then  the  power  and  weight  are  in  eqmUbrio,  For  b^  Car.  3. 
*"        ""CVI.y  ifn  be  the  namber  of  warms^  then  P  :  G  ::  «  X 


Prop.XX\ 

i  £F  :  AP  X  'teeth  in  CD. 

Cor.  3.  (Fig.  1 .  PI.  V.)  And  by  reason  of  the  obUqtdtv  of  the  teeth, 
the  force  acting  perpendicular  to  the  teeth^  the  lateral  force  perpendi' 
adar  to  the  wheel,  and  the  direct  force  m  the  plane,  of  the  wheel;  wiH 
be  re^pectioelyy  as  radiusy  the  sine,  and  cosine  of  tfte  obliquity  of  the 
teeth. 

For  let  GD  be  the  side  of  a  tooth  acted  on :  GE  parallel  to  the 
axis  of  the  wheel,  and  D£  perpendicular  to  it,  or  in  the  plane  of 
the  wheel.  Now,  if  GD  represent  the  force  acting  perpendicular 
to  the  tooth.  Then  D£,  GE,  will  be  the  forces  acting  m  the  di- 
rections GE,  DE,  (by  Cor.  1.  Prop.  VIII.)  but  if  GD  be  radius, 
D£  is  the  sine  of  die  obliquity,  and  GE  the  coeine. 

Cor.  4.  In  the  common  screw  the  leu  the  distances  of  the  thfeads 
arcy  and  the  longer  the  handle  tt,  the  easier  any  given  weight  is 
mooed. 

Cor.  5.  What  is  here  demonstrated^  will  hold  equally  true,  if  the 
wheel  CD  act  i^on  another  wheel  with  oblique  teeth,  instead  of  the 
worm  AB. 

ScBOLiUM. — Ihe  force  of  the  screw  resembles  the  force  that 
drives  a  body  up  an  inclined  plane ;  the  force  acting  parallel  to 
the  base  oi  the  plane. 

All  things  here  laid  down  relating  to  the  perpetual  screw,  do 
sq>po8e  that  the  axis  of  the  won^  spindle  lies  in  the  plane  of  the 
wheel  it  works  in,  and  that  their  axles  are  perpendicular  to  eadi 
other;  bat  if  they  are  in  oblique  position,  and  Uie  teeth  of  one  or 
hoth  also  oblique,  they  cannot  work  without  loss  of  power;  apart 
heing  lost  proportional  to  the  obliquity. 

If  any  worm  spindle  contains  one  leaf  or  worm,  then  a  spindle 
of  twice  the  diameter  will  require  two  worms,  and  one  of  thrice 
^  diameter,  three  worms,  &c.,  to  work  in  the  same  wheel ;  and 
the  power  is  best  estimated  by  the  rise  or  fidl  of  a  tooth  of  CD 
{fg,  1.)  for  a  revolution  of  the  power  P. 

PROP.  XXX.    iFig.  3.  PI.  V.) 

Let  EFG  be  the  back  ob  base  of  a  wedoe  in  form  of  an  iso- 
celes  triangle  ;  then  if  the  power  acting  perpendicular 

TO  THE  BACK   FG,  18  TO  THS  FOBCE   OB    RESISTANCE    ACTING 
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AGAINST  EITHER  SIDE,  IN  A  DlAECTION  PEKPENDICULAJl  TO 
THAT  SIDE  ;   AS  THE  BACK  QF  THE  WEDGE  FG,  TO  EITHER  OF  THE 

SIDES  EF,  EG :  then  the  wedge   is  in   equilibrio,-  or, 

WHICH  IS  the  same  thing,  the  power  IS  TO  THE  WHOLE  RE- 
SISTANCE AGAINST  BOTH  SIDES,  AS  THE  BACK  FG,  tO  THE  SUM 
OF  THE  SIDES  EF,  EG,    , 

For  draw  the  axis  ED  perpendicular  to  the  base  FG ;  and  C  A, 
CB,  perpendicular  to  the  sides  EF,  EG;  then  DC  is  the  direction 
of  the  power.  And  (by  Prop.  IX.)  the  impedimeot  to  be  re- 
moved, acts  against  the  wedge  in  the  directions  AC,  BC ;  and, 
therefore,  (by  Cor,  1.  Prop,  VIII.)  the  power,  and  the  actions  of 
the  impediment,  are  as  FG,  FE,  EG  respectively,  when  they  are 
in  equilibrio. 

Cor,  1 .  The  power  acting  perpendicular  to  the  base,  is  to  theforcB 
acting  against  either  side^  in  a  direction  parallel'  to  the  base  FG,  or 
perpendicular  to  the  ^  axis  DE;  as  tlte  Ime  FG,  ^o  the  Iteight  ED: 
when  the  wedge  is  in  equilibrioy  or  the  power  is  to  the  wftole  force 
against  both  sides  {in  direction  parallel  to  FG)  as  the  back  FG,  to 
twice  the  height  DE. 

For  the  force  EG  may  be  divided  into  the  two  ED,  DG,  (by 
Cor.  3.  Prop.  VII.)  Thetf  sinqe  (by  this  Prop.)  EG  is  the  force 
acting  in  direction  CB;  ED  will  be  the  force  acting  in  direction 
DG. 

Cor,  2.  The  sharper  the  wedge,  or  the  more  acute  its  angles  the 
easier  it  will  divide  any  thing  or  overeome  any  resistance* 
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SECTION  FOURTH. 

THE  DESCENT  OF  BODIES  UPON  INCLINED 
PLANES,  AND  IN  CURVE  SURFACES.  ALSO, 
THE  MOTION  OF  PENDULUMS. 


PROP.  XXXI.    (Fig,  4.  PL  V.) 


Ip  a  heavy  body  W,  be  sustained  upon  an  inclined  plane 

AC,  BY^A  POWEi  ACTING  IN  A  DIRECTION  PARALLEL  TO  THAT 
plane;    THEN 

THE  WEIGHT  OF  THE  BODY, 

THE  POWER  THAT  StJSfAlNS  IT, 

AND  ITS  PRESSURE  AGAINST  THE  PLAN^, 

ARE,  RESPECTIVELY,  AS 

£ 


} 


THE  LENGTH  AC, 
THE  HEIGHT  CB, 
AND  THE  BASE  AB, 
OF.  THE  PLANE. 
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Draw  BD  perpendicular  to  AC ;  then  as  the  force  of  gravity 
tends  peroencQcular  to  the  horizon,  or  parallel  to  CB ;  and  the  di- 
rection of  the  power  is  parallel  to  DC ;  and  the  pressure  against 
the  plane  is  (by  Prop.  IX.)  parallel  to  DB ;  and,  therefore,  their 
quantities  are  respectively  as  the  three  lines  CB,  CD,  BD,  (by 
Prop.  VIII.)  that  is,  by  similar  triangles,  as  AC,  CB,  and  AB. 

Cor.  1.  The  weight,  power ^  andpresswe  on  the  plane,  are  retpeo- 
tively,  as  radius,  the  sine,  and  cosine  of  the  plane* s  elevation. 

For  the  sides  of  a  triangle  are  as  the  sines  of  the  opposite 
angles. 

Cor,  2.  The  relative  weight  of  a  body,  to  make  it  run  down  an  in- 
dmed  plane,  ts  as  tlie  height  directly,  and  length  reciprocally,  that  i$, 
BC  .   , 

■j^  ;  or  tt  urn  the  sine  of  the  plane's  elevation. 

Cor,  3,  (Fig.  5.  PI.  V.)  If  a  cylinder  be  sustained  imon  an  inclined 
plane,  by  a  power  drawing  one  end  of  a  rape  parallel  to  the  plane 
whilst  the  other  end  is  filled;  this  power  is  to  the  weight  of  the  c^ 
hnder,ashalf  the  height  to  the  lef^h  of  the  j^.     ^      -^         ^ 

For  half  the  relative  weight  of  the  cyUnder  is  sustained  by  the 
other  end  of  the  rope,  which  is  fixed.  . 

ScH0LiUM.-<F^  4.  PI,  V  )  If  it  be  required  to  find  the  post- 
tion  of  the  plan^  AC,  whose  height  BC  is  given,  so  that  the  & 
weightWmay be  raised  through  thelength.of  theplane  AC,  inthe 
least  time  possible,  by  any  given  powet  P,  Acting  in  the  direction 

DC ;  make  AC  =  __  x  BC,  and  you  have  your  desire. 

PROP.  XXXII.    {Fig.  4.  PI.  V.) 
If  a  heavy  body  W  be  sustained  upon  an  inclined  plane 

AC,  BY  A  power  acting  PARALLEL  TO  THE  HORIZON,   THEN 
THE  WEIGHT  OP  THE  BODY,  •\  THE  BASE  AB. 

THE  POWER  THAT  SUSTAINS  IT,  I  THE  HEIGHT  CB, 

THE  PRESSURE  AGAINST  THE  PLANE,  Z'aNI)  THE  LENGTH  AC 

ARE,  RESPECTIVELY,  AS  J  qf  THE  PLANE. 

For  the  body  is  sustained  by  three  fbrcea,  the  powjer,  the  gra- 
vity, and  re-action  of  the  plane;  the  weight  is  perpendievln  to 
AB,the  power  is  perpendicular  to  CB,,and  the  pressure  is  per- 
pcndicular  to  AC.  Therefore  (by  Cor.  1.  Prop.  VIII.)  ttoe 
forces  are  as  AB,  CB,  AC.  *^^  «*«» 

tW.  Hence,  the  pressure  on  theplane,  the.power^  and  ti^  weigkt, 
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are  reqfecthely^  as  raduu,  the  tine,  and  cotmeq^  the  planet  eUva- 
tian. 

PR0P.  XXXm.    {Figmt  6.  and  7.  Pi.  V.) 

If  a  heavy  body  W  be  sustained  vpon  an  inclined  plane 
AC,  BY  a  power  P  acting  in  any  given  direction  WP; 
Aim  if  bed  be  let  fall  perpendicular  on  WP*;  tben 


THE  POWER  P,  I  DD 

THE  WEIGHT  OF  THE  BODY  W,     L  AQ* 

THE  FRESSVRE  OF  THE  PLANE,     [  a^'  ' 
WILL  BE  RESPECTIVELY,  AS         J 


For,  since  BD  is  perpendicular  to  the  direction  of  the.  power^ 
AB  to  the  direction  of  gravity,  and  AD  to  the  direction  of  th^ 
pressure  on  the  plane;  therefore  (by  Cor.  1.  Prop.  VIII,)  thes^ 
forces  will  be  respectively  as  BD,  AB,  AD,  when  they  are.  in 
equilibrio. 

Car.  1«  TAetp/nOfBr,  ^»«igkii  andprettme  agaiatt  tkepUmtyore  re^ 
tpecHvely  as  the  sine  qfthRpUme^s  dtnatvm^  cosine  of  ^  emgk  of 
traction  CWP,  and  the  cosine  of  the  angle  ef  direction  of  the  poioer 
above  the  horizon. 

Th«  angle  of  iiactioa  is  the  angle  that  the  dtfeetton  of',  thg 
p^wer  xn^es  with  the  plane^  And  in  the  triangle  ABD,  the 
sides  are  as  the  sines  of  the  opposite  angles,  where  Z.  D  z:  coior 
plement  of  DWP. 

Cor.  2.  Hence,  whether  the  line  of  direction  of  tlu:  power  be  efo- 
vated  above  or  depressed  below  the  plane  ;iftKe  angles  of  traction 
be  equaly  equal  powers  will  sustain  the  weight ;  but  the  pressure  t# 
greater  when  the  Une  of  direction  runs  below  the  plane. 

Cor.  3.  The  power  P  is  least  when  the  line  of  direction  isparallei 
to  the  pkme  ;  tmd  infinite,  when  perpendicular  to  it ;  and  equal  to  the 
weighty  whenperpffidknhir  to  the  horizon^ 

Cor,  4.  (Fig.  8.  PL  V.)  If  a  weight  upon  an  inclined  plane  be  hi 
equUibrio  with  another  hanging  freekf^  their  perpandiddar  velodties 
wHl  be  redprocaUy  as  their  quantities  of  matter. 

For,  let  the  weight  at  W  be  made  to  descend  to  A,  and  draw 
Wr  perpendicular  to  AE,.  and  W^,  Dv  to  AB ;  then  the  weight 
P  will  have  ascended  a  height  :=  Ar,  which  is  its  perpendipi- 
lar  ascent ;  and  W^  is  the  perpendicular  descent  of  W.  The  fi- 
gures Arw'f  and  AEDv  are  simHar,  as  are  also  the  triangles  ABB, 
D%B;  ^ence  We  :  Ar  ::  Dv:  AE  t:  DB  :  AB  :;£  (by  tljis 
Ptop.)  P  :  W.'  ' 

Cor.  5.  And  therefore  if  any  two  bodies  be  in  equ^ibrio  tqpon  two 
in^nedpfymes,  their  penpendkular  vdocUies  will- be  reeipsicatty,  as 
their- qtu^itities  q^matier. 
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PROP.  XXXIV.  (%.  9.  P/.  V.) 

The  space  whic&  a  body  (descending  fbom  rest)  describes 
upon  an  iircuned  plane,  is  to  the  space  which  a  body 
falling  perpendicularly,  ^describes  in  the  same  tiu^ 
as  the  height  of  the  plane  cb,  to  its  length  ac. 

The  force  wherewith  a  body  endeavours  to  descend  upon  an 
inclined  plane,  is  equal  to  the  power  that  sustains  it ;  and  (by 
Prop.  XXXI )  that  power  is  to  the  weight  of  the  body  as  CB  to 
CA ;  therefore  the  body  is  urged  upon  the  plane,  by  an  uni- 
formly accelerating  force,  which  is  to  the  force  of  gravity  as  CB 
to  CA.  But  (by  Prop.  V.)  the  motion  generated  in  the  same  time, 
and  in  the  same  bpdy,  is  as  the  force,  that  is  (since  the  body  is 
given)  the  velocity  is  as  the  force.  And  (by  Prop.  III.)  the  spaces 
uniformly  described  with  the  last  velocities  will  be  as  these  velo- 
cities; and  (by  Cor.  1.  Prop.  VI.)  these  spaces  are  double  the 
spaces  described  l)y  the  accelerating  forces;  therefore  the  spaces 
described  on  the  plane  and  in  the  perpendicular,  are  as  the  last 
Telodties,  or  as  the  forces,  that  is,  as  CB  to  CA. 

Cor,  1.  Hence f  if  BD  be  UtfdlperpendiadartoKCf  then  in  the 
time  a  hodv  falls  tnrough  the  height  CB,  anotheir  body,  descending 
along  the  tndinedplaney  wUl  run  through  the  space  CD,  • 

For  these  spaces  are  as  CA  to  CB,  that  is,  as  CB  to  CD,  by  si- 
milar triangles. 

Cor,  2.  The  velocity  acquired  upon  an  inclined  plane,  is  to  the 
velocity  acquired  in  the  same  time  by/alUng  perpendicularly,  a$  CBlo 
CA,  or  fli  CD  to  CB. 

Cor.  3.  77ie  space  described  Iw  a  body  motwi^  down  any  plane  tn 
a  given  time,  is  as  the  sine  of  the  planes  elevation. 

For  if  CB  be  given,  CD  is  as  the  sine  of  CBD  or  CAB. 

Cor.  4.  The  spaces  described  by  a  body  descending  on  any  given 
plane,  are  as  the  squares  of  the  times, 

PROP.  XXXV.     (f%.  9.  PI,  V.) 

The  TIME  OF  A  body's  descending  THROUGH  THE  PLANE  CD,  IS 
TO  THE  TIME  OF  FALLING  THROUGH  THE  PERPENDICULAR 
HEIGHT  C£,  AS  THE  LENGTH  OF  THE  PLANE  DC,  TO  THE  HEIGHT 
CE. 

For  DE,  AB  being  perpendicular  to  CB,.and  BD  to  AC.  The 
time  of  descending  through  CD  or  the  perpendicular  CB  :  time 
of  descending  through  CE  : :  (by  Prop.  XlV.)  i/CB  :  V^E  :: 
CD  :  CE. 

Cor,  If  the  boAf  be  made  to  move  back  again  with  the  velocity  ac- 
quired in  descending,  it  unll  ascend  to  the  same  height  on  the  plane, 
and  in  the  same  time. 


Digitized 


by  Google 


Sect  IV.  ON  mCXIRED  FLANBS.  43 

For  it  will  be  iiiiilimnly  retafded  in  aacendiog;  and*  in  all 
points,  will  have  the  same  velocity  in  aicending  at  daMending. 

Scholium. — Since  the  force  hj  which  bodies  descend  down  an 
inclined  plane,  is  a  unifonnly  acceleratiTe  force,  therefore  what- 
ever is  demonstrated  of  foiling  bodies  in  Sect.  II.  holds  eanaUy 
true,  in  regard  to  die  motion  of  bodies  upon  an  inclined  plane; 
substitating  the  relative  weight  upon  the  plane,  instead  of  tne  ab* 
solute  wei^t  of  the  body. 

Hence,  therefore,  a  body  projected  on  an  inclined  plane,  will 
describe  a  parabola.  And  if  the  Telodtjr  of  projection  upon  the 
plane,  be  to  the  velocity  of  a  projectile  m  the  air,  as  the  relatiTe 
gravity  on  the  plane,  to  the  absolute  gravity,  and  both  pro- 
jected at  the  same  obliquity,  the  same  parabola  will  be  descnbed 
in  both  < 


PROP.  XXXVI.  iFig.  9..P/.  V.) 

A  BODY  ACQUIRES  THE  SAME  VELOt  ITT  IN  DESCENDIVO  DOWN  AV 
INCLINED  PLANE  CD,  AS  BT  FALLING  PEBPENDICULABLT 
THROUGH  THE  HEIGHT  OF  THAT  PLANE  CE. 

For  draw  DB  perpendicular  to  CD,  and  the  bodies  will  descend 
through  CD,  or  CB  in  the  same  time ;  then  (by  Cor.  2.  Prop. 
XXXIV.)  the  velocity  in  D  :  the  velocity  in  B  ::  C£  CD,  and 
(Cor.  1.  Prop.  XIV.)  the  velocity  in  B  :  the  velocity  in  E  :: 
i/CB :  y^CE  ::  CD  :  CE.  Therefore  the  velocity  m  D  :  the 
velocity  in  £  : :  CE  :  CE,  and,  therefore,  the  velocities  in  D  and 
E  are  equal. 

Cor.  1.  A  body  acquires  the  same  velocity  in  falling  Jrcm  amf 
height,  whether  tt  Jails  perpendicularly ^  or  down  an  incltned  plane 
of  equal  height. 

Cor.  2.  Hence,  the  velocities  acquired  by  heamf  bodies  fatting  from 
the  same  heights  to  the  same  horizontal  rigJu  line,  on  iuy  planet  vahat^ 
ever,  are  equal  among  themselves. 

Cor.  3.  Tfthe  velocities  be  equal  at  any  two  equal  altitudei  D, 
£ ;  they  wiU  He  equal  at  any  other  two  equal  altitudes  A,  B :  and 
acquire  equal  increases  of  velocity^  in  passing  through  EB,  and  DA 
of  equal  perpendicular  heights. 

Cor.  4.  The  velocities  acquired  by  descending  down  any  planes 
whatever,  are  as  the  square  roots  of  the  heights. 

PROP.  XXXVII.  iFig.  12.  PI.  V.) 
In  a  circle  whose  diameter  CB  is  perpendicular  to  the 

HORIZON,  A  BODY  WILL  DESCEND  THROUGH  ANT  CHORD  CD 
OR  DB,  IN  THE  SAME  TIME  AS  IT  WILL  DESCEND  PEBPENDICU- 
LARLT  THROUGH  THE  DIAMETER  CB. 
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i  ^  Eor'  te   angle  >%t  J>  k^irigilt ;  ib«refere,  Q^  iCor.  L-iProp. 

XXXIV.)  the  tiiaeofrdeBceadiog  throuj^h  CD  -mHihe  equal  to  tbe 
.time  of  descending,  peqiepdie^arly  through  |C  B.      Draw  C£f  pa^ 

rallel  to  DB,  then  will  C£  be  equal  toDB;  and  a  body  will  de- 
.scend  through  the  chords  C£,  DB  in  the.  same  time.  But  .the 
.time  of  descend ing.thcough.CE  is  the  saspe  as  filing  through  the 
^diameter ;   therefore  the  time  of  descending  tiirough  any  choid 

CD,  DB,  is  the  same  as  falling  through  the  diameter -CB. 

Cor. .  1 .  The  times  of  descending  ■  through  all  the  chords  of. a  circle^ 

drfnpnjrom  eitfier.  point,  C  or«B,  arepqual  among' themsdves* 

.  i €or,  2,The  vehcify  attquir^by  dBsdending  ihr&Ughkmf  chord  CD, 
•or <DB;'  isa»ihe  length  of  %he  chord.  ■ 

'FoTdraw  OF  perpendicular  to  CB,  then  CD  =  «/CB>??5F 
and  DB  =  ^/CBxBF;  and  (by  Prop.  XXXVI.)  a  body  ac- 
quires the  same  velocity  in  desceodiog  through  CD,  as  in  filing 
through  CF,  but  this  (I5y  Cor.  1.  Prop.  XIV.)  is  as  /y/CF,  that  is 
iis  CD.  Also  a  body  acquires  the  same  velocity  through  DB  as 
FB,  arid  that  is  as  a/BF,  or  as'DB. 

Cor.  3.  But. a  bodu  will  descend  sooner  through  the  small  areh  cf 
'a  circle,  than' through  its  chord  TB. 

'.For if  BG,«TGbe  two  tangcuats, then  the  *reUtive  gravity  at 
T>  in  the  arohand  chord,  will  (by  Cor.  1.  Prop.  XXXI.)  be  as  the 
kmes  of  the  angles  TGK),  .TBO,  or  as  BT  and  TO,  ot,BG,  that 
is,  liearly  as  two  to  one  when  the  arch  is  very  small.  And  die 
accelerative  force  in  the  circle  being  double  to  that  in  'the 
chord,  therefore  the  velocity  will  be,  greater  in  the  arch,  and  the 
time  6f  description  shorter,  though  their  lengths  are  nearly  the 
same. 

PROP.  XXXVIII.  (J%.  10.  P/.  V,) 
If  a  body  descends  freely  along  any  curve  surface,  and 

Ala^OTHER  body  DCSClSNDS    FROM  THE   SAME  HEIGHT  IN  A  PER- 
^'Pi/N-DlCULA'R    RIGHT 'LINE,   THEIR  TELOClTIES  WILL  BE  EQUAL 
AT  ALL  EQUAL  ALTITUDES. 

Let  a  body  descend  from  A  towards  C  pe^rpendicular  to  the  ho- 
rizon BC  ;  and  another  descend  through  tne  curve  surface.  AKB. 
Divide  AC  into  an  infinite  number  of  equal  parts,  at  the  points 
D,  £,  F,  &&,  to  ^hicb  draw  lines  pa^lel  to  BC,  intersecting  the 
curve  in  I,  K,  G,  &c.,  then  the  curve  line  AKB  will  be  divided 
into  an  infinite  number  of  parts,  IK,  KG,  &cr,  which  may  be  taken 
for  right  lines ;  or  the  curve  surface  into  an  infinite  number  of 
planes,  joining  at  I,  K,  G,  ^. 

Now,  if  the  velocities  be  supposed  to  be  equal  in  any  corres- 
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pondebt  pdints  as  I  aad  D,  dMn  (bgr  Cor.  3.  Plop.  XXXVI,} 
HiAywill  be  equal  in  JC  and  £,  after  the  desceot through  IK ;  and 
iKing  eqyal  in  K  and  £,  they  will  alio  be  equal  in  G  andF^ 
after  the  descent  through  KG,  aod  so  on.  Therefore,  since  the 
motion  begins  in  A,  they  will  acqnire  equa)  velocities  in  de- 
actodii^  through  .the  first  plane,  and,  likewise,  through  the  34, 
3d,  4th,  ^c.  And,  therefore,  the  yelocities  will  be  equal  in  all 
correspondent  points  I  and  D,  K  and  £,  &and  F,  &a,  atid  at 
B  and  C. 

Cor.  1.  Ilierdore^  if  a  hodjf  be  wtpaidedhy  a  tiring,  and,  by 
osciUating  descnbe^  any  curve  AB ;  ^,  if  it  it  amf  way  forced  to 
move  in  any  polished  and  perfectly  smooth  surface  AB,  whilst  on- 
other  body  ascends  or  descends  in  a  right  line  ;  then,  if  their  velo^ 
cities  be  equal  at  any  one  equal  altitude,  they  will  be  equal  at  ail 
other  equal  altitudet. 

For  the  same  thing  is  effected  hy  the  string  of  the  pendulous 
body,  a»  by  the  smooth  surface  of  a  polished  lH>dy. 

Cor.  2.  Hence  a  botfy  oscillating  in  any  curve  line  whatever,  ao' 
mares  the  same  velocity  in  the  curve,  as  if  it  had  fallen  perpendiet^ 
tarly  from  the  same  height.  And,  therefore,  the  velocity  m  any 
pmnt  of  the  curve,  is  as  the  squdreroot  of  the  height  defcended. 

Cor.  3.  And  a  bo(bf,  after  its  descent  through  any  curve,  willateend 
to  the  same  height  in  a  nmilar  andequal  curve,  or  even  in  atw  curve 
whatever.  And  the  velocities  will  be  eqmU  at  all  equal  aftitudei. 
And  the  ascent  and  descent  will  be  in  the  same  time,  if  the  curvet  are 
the  same. 

For  the  forces  that  generated  the  motion  in  descending,  will 
equally  destroy  it  in  ascending,  and  therefore  they  will  lose  equal 
yelocities  by  ascending  equal  heights.  And  if  the  curves  are  si* 
milar  and  equal,  every  particle  of  the  curve  will  be  described  with 
the  same  velocity,  and,  therefore,  in  the  same  time,  whether  as- 
cending or  descending. 

Cor.  4.  This  Prop,  is  equally  true^  whether  the  curve  AKB  be 
in  one  plane  perpendicular  to  the  horizon,  or  in  several  planet  IK^ 
KG,  ^c,  wikding  about  in  nature  of  a  spiral. 

PROP.  XXXIX.    (F%.11.  P/.V.) 

The  times  of  descent  thbough  two  similar  parts  op  simi* 
-lar  ctjrves,  are    in  the  sijbduplicate  ratio  of  their 

LENGTHS^  ab,  AB. 

Divide  both  curves  into  an  eqji?d  number  of  infinitely  small 
ports,  similar  to  each  other ;  and  let  be,  BC,  be  two  of  them,  iii- 
milarly  posited;  and  draw.r6,  RB,  perpeniiicular  to  ah,  AH. 
By.PrQP' III.  the  jippce. described  is  as  the. time  and  velocity, 
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and  the  time,  of  describing  any  space  is,  as  the  8T>ace  directly  and 
velocity  reciprocally.  By  Cor.  2.  Prop.  XXXVIII.  tbe  veloci- 
ties in  b  and  B  are  as  t^/rb  and  /^RB,  that  is  because  arb  and 
ARB  are  similar^  that  is,  as  ^ab  and  a/AB.  Therefore,  the  time 

he  lU^ 

of  describing  be  :  to  time  of  describing  BC : :  — —  : =Ci  :  I 

-f^i  -7^  ::  V^:  >/AB  ::  ViS  -  >/AD,  because  the 

curves  are  similarly  divided.  Whence,  bv  composition,  the 
vrhole  time  of  describing  ab  :  whole  time  of  describing  AB  :  2 
is  in  the  same  given  ratio  oi»Jab  :  />/AB,  or  t^ad :  ii/AJ>. 

Cor,  1.  Hencty  if  two  pendulums  describe  similar  arches^  the  times 
of  their  vibrations  are  as  the  square  roots  of  their  lengths^  or  the 
tengths  as  the  squares  of  the  times  of  vibration. 

For,  let  hdyYLd^  be  the  lengths  of  the  pendulums  ;then^  because 
the  figures  are  similar,  '\\.\&ad  :  AD  \\  hd  :  HD. 

-  Cor,  2.  If  a  pendulum  vibrates  m  a  circle^  the  velocity  in  the 
lowest  point  is  as  the  chord  of  the  arch  it  described  in  descending. 

For  (by  Cor.  2.  Prop.  XXXVIII.)  it  acquires  the  same  velo- 
city in  the  arch  as  in  the  chord;  and  (by  Cor.  2.  Prop.  XXXVII.) 
the  velocity  in  the  chord  is  as  the  chord. 

Cor,  3.  The  lengths  of  pendulums  vibrating  in  similar  arches,  are 
reciprocally  proportional  to  the  squares  of  the  number  of  their  vibra-- 
tions,  in  a  given  time. 

PROP.  XL.   iFig,  13.  PL  V.) 

If  a  FEMSUIVM  VIBRATES  IN  A  CYCLOID,  THE  TIME  OJ  OHE  VI- 
BRATION IS  TO  THE  TIME  OF  A  BODY*S  FALLING  PERPENDICU- 
LARLY THROUGH  HALF  THE  LENGTH  OF  THE  PENDULUM,.  AS  THR 
CIRCUMFERENCE  OF  A  CIRCLE  TO  THE  DIAMETER. 

Let  ADa  be  the  cycloid^  FD  its  axis,.  FGD  the  generating  cir- 
cle. Let  die  body  descend  from  H,  and^  in  vibrating,  describe  the 
arch  HDA.  Divide  HD  into  innumerable  small  pans,  and  let  Bb 
be  one  of  them.  Through  H,  B,  6,  draw  HMA,  BL,  bl,  perpen- 
dicular to  the  axis  FD«  About  the  diameter  MD  describe  the 
semi-circle  MLD ;  and,  from  its  centre  Q,  draw  QL,  also  draw 
LP  parallel  to  MD,  and  DE,  DG,  GE. 

The  triangles  CDG,  CDE  are  similar,  and  CD  X  DE  = 
GD".  Also  the  triangles  QLN  and  /LP  are  similar,  and  NL :  PL 
::  QL  :  L/,and2Nr:Nn  ::MD  :  li.  And  since,  by  the  na- 
ture of  the  cycloid,  the  tangent  in  B  is  parallel  to  the  ardi  GD, 
therefore  Gg  is  equal  and  parallel  to  Bb„ 

Nowy  suppose  a  body  to  descend  from  £  through  the  incHned 
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j^ane  ED,  since  this  b  a  motioii  uniformlY  accelented,  therefeit^ 
(by  Cor.  1.  Prop.  VI.)  it  would,  in  the  time  of  its  &!!,  describe 
2ED,  with  the  Telocity  acquired  in  D.  And  since,  (by  Cor. 
Prop,  in.)  the  times  axe  as  the  spaces  directly,  and  velocities  re- 
ciprocally;  and  (by  Cor.  2.  Prop.  XXXVIII  )  the  velocities  are  as 
the  square  roots  of  the  heights;  Aerefore  it  will  be,  as  time  of  de- 

«ibingED:dn«inCc::_^:-^^::-^o;WMD 


Nn 


WMD  X  MN  :  Nfi;  by  similar  triangles. 


VMN 

Again,  when  the  velocity  is  given,  the  time  is  as  the  space 
described.  Therefore  it  will  be,  as  time  in  Cc  :  time  in  B6  : ; 
Cc :  B6  or  Gg  V.  CD  :  GD  or  ^CDxDE  ::  ^CD  :  »/D^  :; 
i^DN  :  ^DM;  by  similar  triangles.  Therefore,  ex  equo,  time 
in  ED  I  time  in  Bb  ::  2^Mb  X  MN  x  DN  •  Nn  ^DM  :; 
2jy MN  X  DN  or  2NL  :  Nn  : :  MD  :  U.  Therefore,  bv  com- 
position it  is,  as  time  in  ED  :  time  in  the  arch  H6  :  t  MI)  :  arch 
M/.  And  as  the  time  in  ED :  whole  time  in  HD  :  1  MD  :  semi- 
drcumference  MLD. 

And  since  the  time  of  descending  through  HD  is  equal  to  the 
time  of  descending  through  Dh :  and  (by  Prop.  XXXVII.)  the 
time  of  descending  through  ED  is  eoual  to  the  time  in  the  di- 
ameter FD.  And  2FD  is  r:  DV,  me  length  of  the  pendulum 
(being  the  radius  of  curvature  inD);  therefore,  as  the  time  of 
ialling  through  half  the  length  of  the  pendulum  FD :  time  in 
HDA,  or  time  of  one  vibration  t ;  diameter  MD  :  circumference 
2MLD. 

Cbr.l.  Hence  all vibrationsy great  and  small,  are  performed  m 
equal  times.  And,  m  unequal  arches  the  velocUies  generated^  and  the 
parts  described^  and  thtne  to  be  described^  in  the  tame  time,  will 
ahom^s  be  as  the  whole  arches;  and  in  any  arch  HD,  the  acceUrative 
farce  at  any  point  B,  will  be  as  the  length  BD  from  the  bottom. 

For,  the  descent  through  HD  is  always  the  same,  wherever 
the  point  H  is  taken.  Also,,  (by  the  nature  of  the  cycloid)  the 
tangent  at  B  is  parallel  to  GD,  and  BD  =  2  DO.  And  (bvCor. 
2.  Prop.  XXXI.)  the  relative  weight  on  GD  (which  is  the  ac- 
celerating force  along  GD,  or  the  tangent  at  B)   is  as  -==^ 

thatisas-^or  ?|5,oras  ^,  or  as  BD,   because  FD 

is  given.  Whence,  the  accelerating  force  being  always  as  the 
distance  from  the  bottotn,  therefore,  in  any  two  arches,  the  ve- 
locities spsnerat^  every .  moment  and  the  parts  continually  de- 
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9enbedy'wiU  be  as  tbese forces;  t|iat Js,.a$  the  w^ole  relies.  And, 
eoAsequemly,  the  spaces  described,  ^d  the  velocities  geiterated, 
in  any  time,  will  be  as  the  whole,  arches ;  and^  therefor^^.Utepgx^ 
to  be  described  will  also  be  as  the  wholes. 

Cor.  2.  The  time  of  descent  tn. HB,  to  the  time  of  descent  in 
HD,  is  as  the  arch  M£,  to  the  semi^ircumference  MLD. 

CoTsS.  The  velocity  of  the  pendtdum  in  any  point  ^"B,  is  ta 
VDH2— DB2,  or  v'HB  X  BDA. 

For  (by Cor.  1.  Prop.  XIV.)  the  square  of  the  velocity  in  B  is 
asJMN,  that  is,  as  MD-^ND,  or  ^^^Z^^^  /*r  DH2  — DB2; 

because  DH  =;  2pE,  and  DB  zz  2GD,  by  the  ijsiture  of  the  cy- 
cloid ;  atid  DF  is  given. 

Cor.  4  (Fig.  1 .  PI.  VI.)  If  the  length  of  the  pendulum  VDhe  made 
double  the  axis  FD ;  cmd  ARV,  or V,  ke  two  semi-^cloids  equal  to 
AHD,  and  so  placed,  thut  the  vertex',  (as  D)  be  ct  A  and.ii..  Th^n 
the  pendulum  VH  vibrating  between  the  cycleidaltheeks  ARV,  arV-; 
the  point  H  will  describe  the- cycloid  AliDha;  and  the  time  of  its. W' 
bration  will  be  3.14\6  X  time  of  falling  through  FD,  Mfike 
length  of  the  pendtdum. 

All  this  follows  from  the  natuFC  of  the  (peloid. 

Cor.  5.  Hence,  also,  it  appears  from  experiments  on  pendulumSy 
tJmt,  at  the  surface  of  the  earth,  a  hedvy  body  will  descend  through  a 
q)ace  ofl6h  English  feet  nearly,  in  one  second  of  time. 
iFor  it  is  found,  by  obseitvations;  upon  oi^ks,  .that  a  pendulum 

39, 13  inches  long,  vibrates  once  in  a  second:  therefore  < 

3.1416 

dd  13 

s:  time  of  a  body's  MUng  through  PJD.  or — '-—  inches.    And 

oonsequently.  (by(  Prop.  XIV.)  the  spaee  .fidlen  thiough  in  one 
second  will  be  ill-T  x  3.1416'=  193,096  inches  r:  16.0913 

^t.  Yet  a,pendt|lum  vibrating  freely  will  be  som€;thing  longer 
in  vibtatiJag  than  a  cloek,  beoaMse  the  palate  wheel  9f  the  dock 
acting Hgaiost  it^'(akes>off  soiMthing  ftjoffx.its  ascent,  and  makes 
it-ueturn  sooner,  or  shortens  the  time. 

Cor.  6.  Hence,  also,  if  pendulums  of  the  same  quantity  of  matter 
oai^any  lengths,  .be  acted  on  by  different  forces  of  gravkv,  their 
lengths  will  be  as  the  forces  of  gravity,  an4  the  squares  of  the  times 
^vibration. 

For  the  times  of  vibration  are  in  a  >  given  ratio  io  .the  tines 
of  descent  through  half  the  lengths  of  ^tbe  penduhivs.     And 
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Qxy  CorJ2,  Firop.  V.)  if  Ae  maJku  be  given,  flie  vtiowty  ge- 
neraied  in  dif^ending  bodies  is  as  tbe  foioe  and  time;  aiid  (by 
Plopl  VI.)  tbe  space  desoHided  isvs  the  vtftocity  aad  time,  tbai  is 
-as  me  force  and  square  of  tbe  time.  Therefore,  half  tbe  kagtb  of 
tiie  tModvlnia  is  as  die  force,  and  sqnare  of  the  time  of  deaeeod- 
m  half  its  len^ ;  wheeoe,  tbe  length  is  as  the  force  and  sqnare 
ofthe  time  efnbimtioD. 

Cor,  7.  From  the  motion  of  pendulums  it  aUoJoUawty  that,  in  any 
one  place f  the  quantity  of  matter  in  any  hody  u  proportional  to  its 
weight. 

For  it  is  certain,  from  experience,  that  .pendulums  of  equal 
length,  whatever  quantities  of  matter  ther  contain,  vibrate  in  the 
same  time.  Thenefore  they  will  descena  through  half  tbe  length 
of  the  pendulum  in  the  same  time ;  and,  consequently,  would  ac- 
quire equal  velocities  in  the  same  time.  Therefore  (by  Prop.  V.) 
&e  velocity  and  time  being  given,  the  quantity  of  matter  is  as  the 
'Ibfce  of  gravity. 

Cor,  8.  Hence  it  aUo  follows^  that  there  are  tacuitiet  or  empty 
spaces  in  bodies. 

,  For  since  (by  Cor.  7.)  the  quantity  of  matter  is  as  the  weight 
-bf  the  body,  if  it  were  true  that  there  is  an  absolute  plenum^  all 
bodies  of  the  same  bulk  must  be  of  equal  weight;  which  is  con- 
titnrf  to  all  experience. 

PROP.  XLI.  (Fig.  2.  PL  VI.) 
If  a  PENDrLUM  AT  oscillates  in  a  cibcle  TRQ,  and,  in  tUs 

MEAN  TIME,  BE  ACTED  ON  IN  TBE  SEVERAL  POINTS  T,  BY  A 
FOBCE  TENDING  PERPENDICULAB  TO  THE  HORIZON,  WHICH  IS 
TO  THE  UNIFORM  FORCE  OF  GRAVITY,  AS  THE  ARCH  TR,  IS  TO 
THE  SINE  TN;  THE  TIMES  OF  ALL  VIBRATIONS  WILL  BE  EQUAL, 
WHETHER  GEEAT  OR  LESS. 

For,  from  any  point  T  draw  TZ  perpendicular  to  the  honaiin, 
andTY  a  tangent  to  the  circle  in  T;  and  let  AT  express  the 
uniform  force  of  .gravihr,  TZ  the  variable  force  at  T;  draw 
!ZY  perpendicular  to  TY;  then  the  force  TZ  will  be  resolved 
into  the  two  TY,  YZ.  Of  which  YZ,  acting  in  direction  AT, 
does  not  at  all  change  the  motion  of  tbe  body.  But  the  force 
TY  directly  ..accelerates  its  motion  in.  the  circle  TR.  The  tri- 
angles ATN,  ZTY  are  similar,  and  TZ  :  TA  f.  TY  :  TN; 
but  (by  supposition)  TZ  :  TA  ::  arch'TR  :  TN;  therefore 
TY  n  arch  TR  :  that  is,  the  force  TY  Is  as  tbe  areh  to  be  de- 
scribed TR.  'Therefore,  if  AT,  Af,  be  let  fell  together  from  the 
points  T,  t;  the  velocities  generated  in  equail  times,  will  beas'the 
forces  TY,  ty;  that  is,  as  the  arches  TR,  *R,  to  be  described. 
But  the  parts  described  at  the  beginning  of  the  motion,'  are  as-tiie 
velocities ;  that  iS;  as  the  wholes  to  be  described  at  Uie  beginning; 
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and,  therefore,  the  parts  which  remain  to  be  described,  and 
the  8!;d)seqaent  accelerations  proportional  to  these  parts,,  are 
also  as  the  wholes,  &e.  Therefore  the  velocities  generated,,  and 
the  parts  described  with  these  yelocities,  and  the  parts  to  be  de- 
scribed, are  always  as  the  wholes.  And,  therefore,  the  part»  to  be 
described,  being  every  where  as  the  velocities  they  are  described 
with,  will  be  described  in  equal  times  and  vanish  together  f  that 
is,  the  two  bodies  oscillating  will  arrive  at  the  perpendicular  AR 
together. 

Cor,  1.  Hence  that  the  vibrationt  in  a  circle  may  he  isocronal;  the 

force  TL  must  he  r=  —-^  x  gravity. 

Cor,  2.  Hence,  if  a  pendulum  vihratei  hy  the  force  of  mxity 
onfy,  the  times  of  v&ration,  in  very  small  different  arches,  wiUoe  very 
nearly  equal. 

For,  in  small  arches,  the  ratio  of  the  arch  to  the  cord  is  nearly 
a  ratio  of  equality. 

Cor,  3.  But  the  time  of  vibration  in  larger  arches,  is  greater  than 
the  time  m  less  arches  of  a  circle. 

For  the  gravity  at  T  being  less  than  the  isocronal  force,  the 
body  will  be  longer  in  describing  that  arch. 

Cor,  4.  Hence y  also,  if  a  pendulum  vibrates  in  the  small  arch  of  a 
circle^  the  time  of  one  vibration  is  to  the  time  of  a  hod^s  falung 
through  twice  the  length  of  the  pendulum,  as  half  the  drcuatfevenca 
of  a  circle  to  the  diameter. 

For  AR  is  the  radius  of  curvature  of  a  cycloid,  whose  axis  is  ( 
AR.  Therefore  the  circle  and  cycloid  coincide  at  R,  and  the 
small  arches  of  both  will  be  described  in  the  same  time ;  that  is, 
as  expressed  by  Prop.  XL.,  only  here  we  take  twice  the  length  of 
the  pendulum  and  half  the  circumference,  which  comes  to  the 
same  thing,  by  Cor.  1.  Prop.  XXXIX. 

Scholium. — In  these  propositions,  the  vibrating  body  is  sup- 
posed to  be  very  small,  ^nd  is  therefore  considered  only  as  a  point. 
But  if  it  be  of  any  determinate  bigness,  the  point  to  whicn  the 
length  of  the  pendulum  is  measured,  is  not  in  the  middle  or  cen- 
tre of  gravity  of  the  body;  but  in  another  place,  and  is  called  the 
centre«of  oscillation,  as^  will  appear  in  the  Vl.  Section. 

It  has  been  proved,  that  the .  same  pendulum  is  longer  in  vi- 
brating in  a  large  arch  of  a  circle  than  in  a  small  one.  And  it 
may  be  computed,  that  if  a  pendulum  vibrates  seconds  in  an  ex- 
tremely small  arch ;  and  C  be  the  length  of  inches  of  the  choi-d  of 
any  arch  A ;  then  34CC  will  be  the  seconds  lost  in  twenty-four 
hours  by  vibrating  in  die  arch  2A. 
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Andy  if  a  pendulom  vibrates  seconds  in  an  arch  2a,  and  c 
be  the  cord  of  a,  or  of  half  the  whole  arch.  Then  3  |  X 
CC— cc  will  be  the  seconds  lost  in  twenty-four  hoars,  by  vibrating 
in  the  arch,  the  chord  of  whose  half  is  C. 

Also,  if  the  bob  of  such  a  pendulum  can  be  screwed  up  or  down, 
and  you  put  n  =r  number  of  threads  of  the  screw  contained  in  an 
indiy  y  zz  time  in  minutes  that  the  clock  gains  or  loses  in  twenty* 
four  hours.    Then  it  follows,  by  the  theory  of  pendulums,  that 

2 

ny  will  be  the  number  of  threads  or  revolutions  of  the  nut, 

that  the  bob  is  to  be  let  down  or  raised  up,  to  beat  sieconds. 
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SECTION    FIFTH. 

OF  THE  CENTRE  OF  GRAVITY   AND  ITS   PRO- 
PBRTIES, 


PROP.  XLII.  (F^.3.  P/.  VI.) 
If  a  line  be  drawn  from  the  centre  of  gravity  of  a  body 

PERPENDICULAR  TO  THE  horizon;  AND  THIS  PERPENDICULAR 
FALLS  WITHIN  THE  BASE  UPON  WHICH  THE  BODY  RESTS,  THE 
BODY  WILL  stand;  BUT  IF  IT  FALLS  WITHOUT  THE  BASE,  IT 
WILL  FALL  DOWN. 

'case  I. 

Let  C  be  the  centre  of  gravity,  CD  perpendicular  to  the  hori- 
zon, falling  within  the  base  BEFG;  draw  RC,  and  suppose  the 
whole  body  suspended  at  the  point  C;  then  (by  Def.  12.) >  the 
body  will  be  in  equilibrio,  and  remain  at  rest  upon  DC.  Now 
take  away  DC,  and  suppose  the  body  to  be  supported  only  upon 
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die  line,  RC,  moyeable  about  R ;  then  by  Ax.  9.  CKe  bodr  AB, 
togetlier  with  die  Hne  RC,  will  epdearcmr  to  descend  from  tnepo^ 
sition  RC  towards  D.  Also,  ibr -the  same  reason,  the  body  and 
the  tine  CS  will  endeavour  to  descend  from  the  position  CS  to- 
wards D ;  but  as  these  two  motions  oppose  each  other,  the  bodv 
will  be  sustained  by  the  points  R,  S,  and  therefore  it  will  stand. 
And  the  same  is  true  of  every  two  opposite  points  R,  S. 

CASE  II.    {Fig,  A  PL  Vl») 

Stit  if  CI>&n  without  the  base,  then  the  line  RC  and  the 
bodr  at  C  win  endeavour  to  descend  iowfttds  D ;  also  the  body 
C  siMf  line  CS  will  endeavoor  to  descend  towiidt  D  likewiae; 
arifti  as  this  motion  d^es  not*  opMse  tba  other,  there  witt  h% 
nothing  to  support  the  bedf ;  thetdbre  it  moet  neoesiuily  fidKov 
wards  D. 

Cor.  1.  Hence  iifiU&uny  tkttiftke  untfB  of  gravity  of  a  bod^ 
be  9upportedy  the  whole  bo<fy  is  ttaported.  And  the  centre  ef  gravity 
itfthe  Ukfy  fHust  he  esUemd*  the  ptact  (f  H»  My,  Aindifit  he 
gwOaimed^  atiy  leber  or  beSM,  iit^piaee  ti  ai  the  povnt  where  the 
deam  iscut'by  a  Une  dremnfnm  tht  centre  of  gnunty  prnpenMeaUtr 
t^  the  h&rizoni 

Cor,  2.  AUthegranOy-of  Orbotfy^or  the  force  it  endeenomt  to 
descend  wkh,  is  cSUeeted  into  the  ^centre  of  gnrnfy;  and  ther^e 
whatever  sustains  the  centre  of  gravity^  sustains  the  whole  weight. 
And  the  descent  of  a  hotfy  must  he  estimated  hy  the  descent  of  its  cen^ 
fre  of  gravity. 

Cor.  3.  Hence,^al$Oy  the  larger  the  base  if,  tmoH  which  a  both 
ekmdg^  and  the  further  within  it  the  centre  of  mmty  lies^  the 
firmer  the  body  wiUstandy  and  the  more  difficult  to  be  removed.  On 
the  contrary y  &e  less  the  base,  or  tfie  less  the  centre  of  gravity  fdlls 
4fiihm  itj  so  much  the  etaier  it  it  to  b&  moved  out  of  its  place. 

Cor,  4.  (Fig.  4.  PL  \^0  If  a  body  be  hid  upon  a  plane  GF,  aasd 
one  end¥  gradudlfy  raised  up,  the  body  will  slide  down  the  plane,  if 
the  perpenOicular  CDfhll  within  the  base;  but  if  it  fall  without, 
it  will  roll  down. 

PROP.  XUn.  (Fig.  6.  PI,  VI.) 

iOE  OOMMOSf  etNTBB'OFl  ORAVITV  C  OF  VWOBOHnS  A,  B^  »  flT 
THE  BIGHT  LINE  JOINING  THEIR  CENTRES  OF  GRAVITY  ;  Al^ 
THE  DISTANCE  OF  EITflEA  BOBT  F&OM  THE  COMMON  CENTRE-  OF 
OtlAVITY,  is  RECIPROeAULT  ASu  THB  QUANTITY  OF  MATTIB.  IV 
IT. 

.  Let  A,  B  be  the  centves  oi  ^vity  of  A.  aadB,  and  suppose 
AB  to  be' an  inflexible  right  line,  or  le«eF;  a$d  C  the^ftilccfeun. 
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Tlieny  if  C  be**  the  centre  of  gravity  of  the  bodies  A,  B,  &ose 
bodies  (by  Def.,  12.)  will  be  in  equilibrio.  And  consequently  (by 
Cor.  4.  Prop.  XIX.)  AC  :  CB  : :  B  :  A., 

Cor.  1.  If  there  he  never  sp  mam/  bodies,  the  common  centre  of 
gravity  of  them  all,  is  in  the  right  line  drawn  from  the  centre  if 
gravify  of  am/  one,  to  the  common  centre  of  gravity  of  all  the  rest ; 
and  it  divides  this  line  into  two  parts,  reciprocally  as  that  body  to 
the  sum  of  all  the  rest  of  the  bodies. 

For  let  D  be  another  body,  and  let  B  and  A  be  placed  in  C, 
^•n  will  C  :  D  ::  D£  :  C£.    And  so  on  for  morebodi^. 

Cor.  3.  (Fig.  r.  PI.  VI.)  If  several  bodies  A,  B,  D,  £,  F,  &e  m 
oquiUbrio  upon  a  straight  lever  AF,  then  the  fvkman  Cis  at  the 
common  centre  of  gravity  of  aU  those  bodies. 

.PROP.  XLIV,   {Fig.B.  PL  VI.)      ^ 
If  thsre  be  ssvb'ral  bodies,  A,  B,  D,  E,  F  ;   and  iv   aht 

PI.ANE  PQ  BE  DEAWN  PERPENDICULAR  TO  THE  HORIZON  ;  THS 
SUM  OP  THE  PRODUCTS  OF  EACH.  BODY  MULTIPLIED  BY  ITS  DIS- 
TANCE PROM  THAT  PLANEy  IF  THEY  ARE  ALL  ON  ONE  SIDB ; 
OR  THEIR  DIFFERENCE,  IP  ON  CONTRARY  JSIDES  ;  IS  EQUAL  TO 
THE  SUM  OP  ALL  THE  BODIES  MULTIPLIED  BY  THE  DISTANCE 
OF  THEIR  COMMON  CENTRE  OF  GRAVITY  FROM  THAT  PLANE. 

Draw  lines  perpendicular  and  parallel  to  the  plane  PQ,  as  ia 
Ae  figure,  and  let  C  be  the  centre  of  gravity.  Tlien,  (by  Cor.  3. 
Prop.  XIX.,)  the  force  of  all  the  bodies  to  move  the  plane  PQ 
about  R,  will  be  wD  x  D  +  oE  x  E  4-rF  x  F-^AA  X  A-^ 
B/  X  B.  That  is,  dC4-RC  X  D+eC  +  RC  X  E  +RC=^ 
X  F-^zC  — RC  X  A  —  ftC— RC  x  B,  ordC  X  T>  +  eC  x  E 
— yC  X  F— flCxA— iCx  B4-RCxD  +  E-hF  +  A+B- 
But  because  C  is  the  centre  of  gravity  of  the  bodies,  therefore,  (by 
Prop.  XX.,)  rfCxD4.eCxE=/CxF  +  aCxA  +  AC 

X  B ;  therefore  we  have  mD  x  D+oExE-f^Fx  F Ak 

X  A— -B/  X  B  =  RC  X  A  +  B  +  D  +  E  +  F. 

Cor,  1 .  Tliis  Prop,  is  equally  true  for  any  plane  whatever. 

For  suppose  the  plane  and  the  bodies  to  be  put  into  any 
obliqi^e  position,  all  tne  distances  will  remain  the  same  as  be- 
fore. 

Cor.  2.  If  any  plane  be  drawn  through  the  common  centre  of  gra- 
vityQyof  any  number  of  bodies  A,  B,  D,  Sfc,  and  each  (oAf  he 
multiplied  by  the  distance  of  its  centre  of  gravity  from  that  f£me  ; 
the  sum  of  the  products  on  each  side  are  emud:  AxaC+Bx5C4- 
J\/C=DxdC+ExeC.  ^ 
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For  the  distance  of  a  body  must  be  estiaated  by  the  ^i«*^n5«ir 
of  its  ceBtre  of  giarity. 

Cor.  3.  Hence,  aito,  the  turn  {or  diffisrenee)  of  the  prodmcti  of 
each  particle  of  a  botfy  mdiiplied  by  ti$  dittance  from  any  plmie 
whatever^  is  equal  to  the  whole  body  multiplied  by  the  dktanet  ofitt 
centre  of  gravity  from  that  plane;  and  if  the  pimne  past  through  the 
centre  of  gravity,  the  sums  of  the  products  on  each  ude  are  egml. 

Cor.  4.  J%e  sum  if  the  forces  of  a  system  of  bodies  is  the  very 
sape,  as  if  all  the  bodies  were  collected  into  their  common  centre  of 
gravity,  and  exerted  their  several  forces  there. 

For  the  sum  of  all  the  forces  are  mD  x  D  -f  oE  x  £,  fcc.,  or 
RCxA  +  B  +  D-hE  +  F. 

Cor,  5.  And  the  same  is  true  of  any  forces  whatever,  with  regard 
to  the  centre  of  gravity  of  those  forces;  and,  therrfore,  if  several 
forces  act  in  parallel  directions,  the  sum  ofaU  these  forces  will  he 
equivalent  to  one  single Jbrce;  and  their  common  centre  of  gravity, 
the  place  where  it  aSs, 

Cor.  6.  CFig.  4.  PI.  VHI.)  If  a  circle  be  described  about  the  centre 
of  gravity  G,  of  a  system  of  bodies  A,  B,C;  and  appoint  S  be 
taken  at  pleasure  in  the  circumference;  then  SA*  X  A  -f  SB*  x 
B  X  SC*  X  Cf  is  a  given  quantity;  andthe  same  holds  true  for  the 
surface  of  a  sphere,  md  the  bodies  not  all  inone  plane. 

For,  draw  SG,  on  whidi  let  fall  the  perpendjcahuv  Aa,  B6, 
Cc;  Aen,  (by  Ead.  II.  12, 13.)  SA»  X  A  +  SB*  X  B  +  SC»x 
0=  SO*  +  GA*4-  2SG  X  Ga  X  A  +  SG»+GB*— 2SG  X  G6 
X  B  +  SG*  -h  GC*  +2SG  X  Gc  X  C.  But,  (by  Cor  2.)  Go  X 
A — G6  X  'B  •\'  Oc  X  C  :=  0,  and  all  the  rest  are  given  quan- 
tities. 

PROP.  XLV.    {¥ig.  9.  P/.  VI.) 

If  th&ae  be  several  forces  in  one  plane,  acting  against 
one  another  in  the  point  c,  whose  quantities  and  di- 
JiECTioNS  ARE  CA,  CB,  CD,  C%  CF;  and  if  they  keep  one 

ANOTHER  IN  EQUILIBRIOj  I  SAT,.C  IS  THE  COMMON  CENTRE  OF 
CRAVITT  of  all  THE  POINTS,  A,  B,  C,  D,  £;  AND  ANT  ONE 
OF  THEM  AS  EC  BEING  PRODUCED,  WILL  PASS  THROUGH  THE 
CENTRE  OF  GRAVITY  G  OF  ALL  THE  REST. 

Since  all  the  forces  are  in  equilibrio,  the  sum  of  the  forces  act- 
ing against  EC  will  destroy  its  effects,  and  act  against  it  in  the 
same  line  of  direction. 

Upon  EC  let  £dl  the  perpendiculars  Afl,  B^  IH  Tf^  then  ai^ 
force  AC  is  divided  into  two  Aa,  oC.  Now,  as  the  point  C  is  in 
equilibrio,  all  the  perpendicular  forces  Aa,  'Bb,  on  one  side,  are 
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equal  to  all  those  Drf,  F/,on  the  other,  by  Ax.  11 ;  and  if  the 
body  1  be  supposed  to  be  suspended  at  A^  B,  D,  £,  F ;  then,  since 
AffXl  +  BftX  l  =  D(/xl4-F/*xl;ihe  centre  of  gra- 
vity of  the  bodies  A,  B,  C,  D,  (and,  also,  of  all  the  bodies)  is  in 
;  the  line  £C.  Again,  it  follows  from  the  equilibrium  of  the  forces, 
that  EC  +  aC  =  C6  +  Cd  Hh  C/;  by  Ax.  11 ;  and,  therefore,  if 
the  body  1  be  suspended  at  the  points  E,  a,  d,  b,f;  C  is  their 
centre  of  gravity,  that  is,  C  is  the  centre  of  gravity  of  E,  A,  B, 
D,F. 

Car.  1.  IfG  be  the  centre  ofgravitif  of  A,  B,  D,  F;  then  EC= 
CG  X  number  qfpomts  A,  B,  D,  F. 

For  EC  =  C6  4-  Crf  4-  (Y— Ca  =  CG  x  A  +  B  +  I>+F» 
or  4CG,  by  Prop.  XLIV. 

€&r.  Q.  The  sum  of  all  the  perpendieularton  one  nde,  Aa^  Bb  as 
turn  Ddy  ¥f,on  the  other  side  ^  EC;  and  the  amm  if  their  di^ 
tances  C£,  Ca,  on  one  side  =:  sum>  Cd,  C6,  Cfy  on  tlte  other  side 
ofC, 

PROP.  XLVt.    (Fig.  10.  PL  VI.) 
If  a  body  be  acted  on  bv  several  forces  a,  B,  C,  D,  £,  IK 

THE  parallel  DIRECTIONS  Afl,  B6,  &C.   aKD  KEPT  IV  EQdlLf- 

BRIO ;   AND  IF  ANY   PLANE   RN  BE    DRAWN    FROM    ANY    POtRT 

R  ;   THE  St7M  OF  TRB  FORCES  ON  EACH  SIDE  A^E  EQUAL,  A  +  D 

'    IT  Br~-|-  C<4-  £ ;   AND   ttiE    SUM    of    the    PRODUCTS    ON    TH^ 

o?HBR  SIDE,  Ra  X  A4-  Ri^  xD  ^  R6xB  +  Re  x  C  —Re 

X  £  ;   AND  THE  CONTRARY  ;    WHERE  ANY  PRODUCT  LYING  THE 
CONTRARY   WAY  FROM  R,  ^UST  BE  TAKEN  NEGATIVE. 

For,  suppose  RN  to  be  the  plane,  acted  on  by  these  forces; 
then  (by  Cor.  6.  Prop.  XLIV.)  the  effect  of  the  forces  A  and  i> 
acting  at  a  and  </,4»  the  same  as  if  they  both  acted  at  O,  their 
centre  of  gravity ;  and  the  effect  of  B,  C,  E,  acting  at  b,  c,  e,  is  the 
same  as  if  they  all  acted  at  their  centre  of  gravity ;  which,  because 
the  body  is  Unmoved,  is  the  same  point  O ;  and,  therefore,  •  hi- 
cause  of  the  equilibrium,  A  -f  D  n  B  +  C  +  E,  for  the  quan- 
tity of  fotce. 

.  In  respect  to  their  places,  because  O  is  the  centre  of  gravity  of 
A  and  D,  as  well  af  ofB,  C,  and  E ;  therefore,  (by  Prop.  XLIV.) 
RflXA  +  IWxD=i  ROxA  +  D  n  RO  X  B  +  C-f  E  = 
R6xB-fRcx  C  —  Rex  E.  And,  on  the  contrary,  if 
these  forces  be  equal,  the  body  will  be  in  equilibrio,  by  Ax.  9. 

Cor.  1.  (Fig.  11.  PI.  VI.)  If  a  body  FGIH  be  at  rest  whilst  it  is 
wiediqion  by  several  forces,  in  the  same  plane^  whose  quantities  and 
directions  are  pA,  gB,  rC,  sD,  tB,  cutUng  amf  tine  RN  dram,  m 
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the,  Mkfotpi ^  4^.,  ond  the ^erpetuUadan AojBb,  ffc,  are  drawnf 
then,  Ismf^  1.  the  sum  of  the  perpendicular  Jorcu  on  each  iide  are 
egml^  Ac  +  DdzriBb  -f  Cc  +  E^.  2.  thesumofthe  cantrwy 
forces  in  direciion  of  the  line  ^N  are  equal,  fa  +  y^  =  re  + 
ed  +  te.  3.  The  tum$  of  the  recidnglet  on  each  tide,  from  at^ 
point  R,  are  equal,  RjpxAfl-hKlxWirRyXBi  +  Rrx 
Cc  -f  R^  X  Ec.  Btif  where  the  poihti  lie  the  contrary  tMty  from 
R,  ^Ae  rectangles  mutt  he  negative;  andwhen  aU  these  are  equals  the 
bod^'isaireMt. 

For,  since  it  is  the  same  liiiii^  whether  any  ibroe  A  act,  at  A/ 
at  F,  or  at  p,  we  will  vippote  it  to  act  at  ji;  then  if  the  oblique 
force  pA  be  divided  into  the  two  pa^  oA;  and  the  same  for  the- 
rest ;  then  the  911m  of  aU  the  forces  jm  Qiust  b«  eqyat  to  the  sum 
pf  jMI  the  ^<mtxpiy  Cprcep  er,  by  Ax.  t|.  The  1^  follows  from 
this  Prop. 

Cor.  2.  And  if  a  body  be  kept  (n  equilibrio  by  severai  forces  aeh 
ing  at  different  points,  tmd  in  different  directions,  either  m  the  same 
p&ne,  or  in  d^firent  planes;  it  vnU  itiU  be  in  equiiibrio  by  the  sdme 
forces,  acting  from  my  one  point,  and  tn  direetiom  respcetioefy  pn$ 
raliel  to  the  former. 

Tot,  in  the  same  plane,  the  forces  parallel  and  perpendicular 

to  RN,  will  remain  the  same  as  before.   And  when  the  directions' 

*t>f  any  of  the  forces  are  oat  of  ibis  plafte,  all  these  exiraneeus 

*  forces  may  be  reduced  to  others,  one  part  acting  in  the  plaaei  the 

>o^r  perpen(fieuki^  to  it ;  and  both  these  lemain  the  same  in 

qtiailt^  as'  before.  And  since  the  foveas  «etine  in  the  plane,  kepi 

one  another  in  equilibrio  at  first,  they  will  do  the  same  still.    Ami 

.  m  tbd  parts  perpendicular  to  this  plane,  also  kept  one  another  in 

equilibrio  at  first,  they  will  do  the  same  when  applied  to  their 

common  centre  of  gravity,  or  to  any  other  point. 

Cor.  3.  ^several forces  acting  after  amf  manner  keep  a  body  im- 

moved;  ana  am/  plane  whatever  be  drawn ;  and  the  vagrant  forces  be 

all  reduced  to  that  plane  ;  then  all  the  perpauHctdar  forces  on  one  ride, 

'  are  equal  to  those  on  the  other;  ana  their  centres  of  graoity  faU  m 

'  the  same  point.     When  this  does  not  hcqfpen  in  all  planes,  the  bodkf 

will  be  moved  some  wcy  or  other.  * 

PROP.  XLVU.    (J%.  1.  PL  vn.) 

To  FIND  THE  CENTRE  OF  OBAVITT  OF  .A  STSTEM  0V9W1BS,  AfB^Q. 

Draw  any  plane  ST,  and  from  the  centres  Of  gravity  of  all  the 
bodies,  draw  perpendiculars  to  this  plane,  As,  9b,  Cc;  then  (by 
Cor.  3.  Prop.  XIX.)  the  forces  of  A,  B,  C,  at  the  distances  An, 
B^,  Cc,  from  the  plane,  will  be  A  x  Aa,  fi  X  Bfr,  C  X  Ce.  Let 
G  be  the  centre  of  gravity,  then  &e  sum  of  the  forces  A  X  Atf  + 
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B  X  B6  +  C  X  Cc  must  be  =  A  +  B  +  C  X  Gg,  the  power 
of  all  the  bodies  situated  in  G  (by  Prop.  XIIV.)  whence  the 
distance  of  the  centre  of  gravity  from  the  plane,  that  is  Gg  :^ 
Au^^+f^X^  +  CcxC  ^  ^,^^^^  J,  ^y  ^,  ^^  ^.^ 

.  .     A  -p  iJ  -p  C/ 
be  situate  on  the  other  side  of  the  plane,  the  correspondent  rect- 
angles will  be  negative. 

And  if  the  distance  be  in  like  manner  found  from  the  plane 
TV,  perpendicular  to  ST,  the  point  G  will  be  determined  by 
making  the  parallelogram  TG  vnth  the  respective  distances  fix>ni 
those  planes. 

Cor.  1.  Let  b  be  any  botfy,  p  any  particle  in  it,  dits  dktance 
from  a  given  plane;  then  the  dktance  of  its  centre  of  gravity  from 

Cor,  2.  To  find  the,  centre  of  gravity  oj  an  irregular  plane  Jir 
wure.  Smpem  it  by  the  string  AEB,. at  E;  and  draw  the  plumb 
Tine  ECF.  Then  suspend  it  by  another  point  of  the  string  as  D, 
and  draw  another  plumb  line  through  E,  to  intersect  CF ;  and  the 
point  of  intersection  is  the  centre  of  gravity. 

Cor.  3.  To  find  the  centre  of  gravity  of  a  flexible  bochf,  lay  it 
vpon  a  board  whose  centre  of  gravity  is  mourn  ;  huf  the  centre  efgn^ 
vity  of  the  board  tmon  the  edge  of  a  prism;  and  lay  the  body  vpon 
it,  and  remove  it  bade  or  forwards,  till  it  be  in  equdibrio  '^ipon  the 
board. 

Scholium. — The  centres  of  gravity  of  several  planes  and  solids 
have  been  determined  to  be  as  follows : 

1.  If  two  lines  be  drawn  from  two  angles  of  a  triangle,  io  the 
middle  of  the  opposite  sides,  the  point  of  intersection  is  the  centre 
of  gravity ;  therefore,  the  distance  of  the  centre  of  gravity  from  the 
vertex,  is  two-thirds  of  the  line  bisecting  the  opposite  side. 

a.  In  a  Trtmezium  ABCD,  {Fig.  3.  Pi.  VII.)  the  centre  of  gra- 
vity  is  found  by  dividing  it  into  triangles.  Find  E,  G,  the  centres 
of  gravity  of  the  triangles  ADB,  CDB:  and  F,  H,  the  centres  of 
gravity  of  ABC,  ADC.  Then  draw  EG,  FH,  to  intersect  in  O, 
the  centre  of  gravity  of  the  Trapezium. 

3.  The  centre  of  gravity  of  a  right  Une,  parallelogram,  cylinder, 
and  prism,  is  in  the  middle. 

4.  For  the  arch  of  a  circle,  as  A  arch  :  sine  of  ^  arch : :  radius  : 
distance  of  its  centre  of  gravity  trom  the  centre. 

5.  For  the  sector  of  a  circle,  as  arch  :  cord  !  ^  -^  radius  :  dis* 
tance  of  its  centre  of  p;ravity  from  the  centre. 

6.  For  iheparaboltca)ace,  the  distance  of  the  centre  of  gravity 
from  the  vertex  is  3-  of  me  axis. 
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7.  In  the  cone  andpmmH  the  distanoe  of  the  ceiitm  of  gravity 
from  the  vertex  is  }  of  the  axis. 

8.  In  SLparaifolady  the  distance  of  the  centre  of  gravity  from  the 
vertex  is  I-  of  the  axis. 

9.  For  the  iegmeni  of  a  tpkarty  let  r  =  radiusy  x  =  height  of 
the  segment;  then  the  distance  of  the  centre  of  gravity  from  the 

vertex  is  ^!^^\ 
12r — Ax 

PROP.  XLVIII. 

If  two  or  more  bodies  move  UNIFOailLY  IN  ANT  GIVEN  DI- 
KECTIONS,  THEIR  COMMON  CENTRE  OF  GRAVITY  WILL  EITHER 
BE  AT  REST,  OR  MOVE  UNIFORMLY  IN  A  RIGHT  UNE. 

Case  I. 
Let  one  body  stand  still,  and  tlie  other  move  directly  to  or  from 
it  in  a  right  line;  then,  since  the  centre  of  gravity  divides  the  dis- 
tance,  in  a  given  ratio,  and  the  dbtance  incres|ses  uniformly, 
therefore  ^lat  centre  moves  uniformly.  Now,  suppose  the  other 
body  likewise  to  move  in  the  same  right  line,  and  any  quantity 
of  space  to  move  along  with  it;  then,  since  the  body  is  relar 
tively  at  rest  ih  this  space,  the  centre  of  gravity,  in  regard  to 
that  space,  moves  uniformly;  to  which,  adding  or  subtracting  the 
uniform  'motion  of  that  space,  the  centre  of  gravi^  will  still 
move  uniformly. 

Case  II.  (Fig.  4.  P/.  VII.) 
Let  the  bodies  move  in  one  plane,  in  the  directions  D£,  AB; 
produce  their  lines  of  direction  till  they  meet  in  D,  and  when  one 
body  is  in  D  and  £,  let  the  other  be  in  A  and  B  respectively. 
Let  H  be  their  centre  of  gravity,  when  in  D  and  A;  and  K,  when 
in  E  and  B ;  and  draw  HK,  and  make  BP  =  AD,  and  draw 
£P,  and  KL  parallel  to  AB ;  then  D£  is  to  AB  or  DP,  m  the 
given  ratio  of  the  motion  of  the  bodies ;  and  since  the  /i  EDP  is 

S'ven,  therefore  all  the  angles  of  the  triangle  EDP  are  given,  and 
P  will  be  to  PE  in  a  given  ratio.  But  by  similar  triangles  PE 
is  to  PL  in  the  given  ratio  of  BE  to  BK,  by  the  property  of  the 
centre  of  gravity,  therefore  DP  is  to  PL  in  a  ffiven  ratio.  And  all 
the  angles  in  the  triangle  DPL  are  given,  and  therefore  the  angle 
PDL.  Therefore  the  point  L  is  alvrays  in  the  line  DL  given  in 
p<^ition.  And  by  the  nature  of  the  centre  of  gravity,  DA  :  DH 
:  rEB  :  EK  : :  PB  or  DA  :  LK.  Therefore  DH  =  LK,  whence 
BHRL  is  a  parallelogram,  and  HK  parallel  to  DI^  and  therefore 
the  angle  BHK  is  given  ;  and  the  centre  of  gravity  K  is  always  in 
the  rig^t  line  HK  given  by  position.  And  because  all  the  angles 
of  the  triangles  DPL,  and  DLE  are  given  ;  therefore  the  lines 
DP,  DE,DL,  that  is,  AB,  DE,  HK  aie  in  a  given  ratio;  and,, 
consequently,  the  point  K  moves  uniformly  a)ong  the  right  line 
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HK.  And  th^  demonstration  is  iii  the  stkme  matitier^  if  one  of 
the  bodies  B  moves  from  B  towards  A. 

Case  III.  (Fig.  5,  PL  yiL) 
Let  the    paths    of  the   bodies   AB,   DE,  be   in    diffeient 

1)lanes.  Through  tiie  path  A  B  draw  a  plane  Bde  PBrftl- 
el  to  the  path  DE,  and  through  DE  draw  the  plane  D<feE  per- 
pendicular to  Bde,  produce  AB  to  d,  and  let  Hdj  f£  be  perpendi- 
cular to  de.  Then  the  planes  DdA,  EeB,  will  be  perpendicular  to 
the  plane  edB.  Let  one  body  be  in  A  and  B,  when  the  other  is 
in  D  and  E  respectively.  Now,  if  the  body  at  D  were  to  move 
in  de,  then,  (by  Case  2.,)  the  centre  of  gravity  would  move  uni- 
formly along  some  right  line  HKj  through  HK  erect  the  plane 
HK/rA  perpendicular  to'HBK.  Then,  by  similar  triangles,  and 
the  nature  of  the  centre  of  gravity, ^AA  :  AD  \  \  (AH  :  HD: :  BK  : 
Kc  : : )  B/t  :  KA.  Abd  Wfc  is  Ae  path  of-  thi  WMiti^  of  gravity  of 
-the  bodies  moving  in  AB,  DE.  Likewiie,  D<i : .  HA  \>\  Ad :  AH 
: :  -6E  :  BK  : :  cE  or  Drf  :  K/c ;  therefore,  H*  in  Kft,  and  kk  is 
equal  and  parallel  to  HA;,  tberelbre  the  centre  of  graidty  of-llie 
bodies  (moving  in  AB,  DE)  moves  uniformly  through  the  right 
4ine  hk»  . 

Case  IV. 
The  oommon  centre  of  gravity  of  two  bodUes,  and  a  third  is 
either  at  rest,  or  moves  uniformly  in  a  right  line ;  foir  these  two 
may  be  put  into  the  place  <|f  iheir  cenU-e  of  gravity,  which  before 
moved  uniformly;  and  then  the  centre  of  gravity  of  the  three  will 
move  uniformly.  Likewise  the  common  centre  of  gravity  of  three 
bodies  and  a  fourth,  will  move  uniformly  in  a  right  line,  and  so 
^on. 

PROP.  XLIX. 
The  coh^mon  centre  of  geavity  of  two  or  more    bodies, 
does  not  change  its  state  of  motion  or  rest,  by  any  ac- 
tions of  the  bodies  among  themselves,  or  by  any  forces 
they  exert  upon  one  another. 

.  ..  ^uppo^e  ^ny  3pace  in  which  Uie  bodies  are  inclosed,  to  move 
uni^^rmly  a^long  with  the.  centre  of  gravity  of  the  bodies,  before 
the  actions  of  the  bo4ies  uppn  one  another,  then  the  centre  of 
gravity  is  at  rest  in  tha^  sp^ce.  Now,  if  two  bodies  mutually  act 
upon  one  another,  since  their  distances  from  their  centre  oif.g^vit^ 
are  reciprocally  as  the  bodies;  and  as  action  and  redaction  are 
equal,  the  bodies  will  ap4>roach  or  recede  from  that  centre  by 
spaces  whic;h  are  in  the  same  ratio;  ther^ore  the  centre  of  gira-^ 
vity  will  still  remain  at  rest.  And,  in  a  system  of  several  bodies, 
because  the  common  centre  of  gravity  of  any  two  acting  mutually 
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upoD  each  other,  is  at  rest;  and  the  actions  of  all  the  bodies  being 
the  sum  o£  the  actions  of  every  two,  it  is  evident  the  centre  of 
gravity  of  all  the  bodies  remains  the  same,  as  if  thev  did  not  act 
at  all  upon  one  another;  and,  therefore,  is  at  rest  in  this  space, 
or  moves  uniformly  forward  along  with  it 

Cor.  1.  Hence  if  a  body  be  projected  into  free  tpace^  if  it  have 
any  circular  motioky  thii  motion  wUl  be  performed  wdfhrn^  about 
an  axit  passing  through  the  centre  qfgravUy, 

For  if  every  particle  of  the  body  retained  the  distinct  motion 
first  impressed  on  it;  the  common  centre  of  gravity  of  the  whole 
would  move  in  a  rig^t  line,  by  the  last  Prop.  And  since  the  co- 
hesion of  the  parts  of  the  body  retains  the  particles  in  one  mass, 
therefore  (b^  this  Prop.)  the  motion  of  the  centre  of  gravity  is  not 
altered,  whidi  it  would  be  if  the  axis  of  circular  motion  did  not 
);>ass  tluough  the  ctetre  of  gravity,  but  dmmgh  some  odier  point.   • 

Cor.  2.  And  if  a  body  be  hurled  into  the  air,  itt  centre  ofgramty ' 
will  other  mooe  in  a  right  linCy  or  describe  a  parabola ;  vmut  thai ' 
body  revolves  about  an  axis  passing  through  the  centre  ofjgravity,  if  it 
kave  any  circular  motion, 

PROP.  L.    C-Fijg.  6.  PL  VII.) 

The  sum  of  the  motions  of  several  bodies  in  ant  oiveN 
dtbectiok,  is  the  same  as  the  motion  of  all  the  bootes 
in  the  same  direction;  moved  with  the  velocitt  of  theib 
common  centre  of  gbavitt. 

'  Let  the  bodies,  A,  B,  move  round  the  centre  of  gravity  C  at 
vest,  to  the  places  a,  h;  draw  BCA,  bCa.  Then,  since  A  :  B  : : ' 
BC  :  AC  y,  be  :  ac  ;  therefore  the  triangles  ACo,  BC6,  are  simi- 
lar, and  Z.  bBc  z=  2.  CA^  therefore  Bb  is  parallel  to  Aa,  and  the 
bodies  move  in  contrary  directions.  Also,  since  Aa  :  Bb  H  AC : 
CB  : :  B  :  A,  or  Aa  X  A  z=  B6  X  B.  Therefore  the  motions 
of  A,  B,  in  contrary  directions  are  equal,  or  their  motion  the  same 
way  is  0.  Now  let  the  space  and  bodies  moving  in  it,  be  moved 
in  any  direction  with  any  velocity  v  ;  it  is  manifest,  the  motion  of 
each  body  in  that  direction  will  be  greater  than  before,  by  the 
quantity  of  matter  X  velocity.  Therefore,  the  sum  of  the  motions 
is  now  vA  4-  vB  or  v  X  A  4-  B,  that  is,  equal  to  the  sum  of 
the  bodies  X  velocity  of  the  centre  of  gravity. 

After  the  same  manner,  the  motion  of  three  bodies  is  the  same 
.^  the  motion,  of  two  of  them,  moved  with  the  velocity  of  their 
common  centre  of  gravity,  together  with  the  motion  of  the  third;, 
that  is, (by  what  has  been  shown)  equal  to  the  sum  of  all  the  three, 
moved  with  the  velocity  of  the  centre  of  gravity  of  all  the  three  * 
'and  so  for  more  bodies. 
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Cor.  The  centre  of  gravity  of  a  body  must  be  tahtnfbr  the  place 
of  the  body.  And  the  motion  of  any  body,  or  of  any  system  qfbodieSy 
must  be  estimated  by  the  motion  of  the  centre  of  gravity. 

PROP.  LI. 

If  two  weights  on  any  machine  keep  one  another  in  EQCTI' 
LIBRIO,  IF  THEY  BE  ANY  HOW  RAISED  OR* MOVED  BY  HELP  OF 
THE  MACHINE,  THE  CENTRE  OF  GRAVITY  OF  THE  WEIGHT  AND 
POWER  WILL  ALWAYS  BE  IN  THE  SAME  HORIZONTAL  RIGHT 
LINE. 

For  in  the  lever,  the  centre  of  gravity  is  at  the  fulcrum,  and, 
therefore,  it  neither  ascends  nor  descends.  In  the  wheel  and 
axle,  and  in  the  pulley  or  any  combination  of  pulleys,  the  weight 
and  power  approach  or  recede  from  each  other,  by  spaces  which 
which  are  reciprocally  as  the  bodies ;  and,  therefore,  meir  centre 
of  gravity  is  at  rest.  And  upon  any  inclined  plane,  the  perpen- 
dicular velocities  of  the  power  and  weight  (by  Cor.  4.  ftop. 
•  XXXIII.)  are  reciprocally  as  their  quantities,  and  the  distance  of 
the  centre  of  gravity  from  each,  being  in  the  same  ratio,  is  also 
at  rest.  And,  universafly,  in  any  combination  of  these,  or  any- 
machine  whatever,  where  the  equilibrium  continues,  the  ascent 
and  descent  of  the  power  and  weight  being  reciprocally  as  their 
quantities,  the  centre  of  gravity  neither  ascends  nor  descends. 

PROP.  LII.    {Fig.  8.  PL  VII.) 

If  a  heavy  body  AB  be  suspended  by  two  ropes  AC,  BD ; 
•  A  right    line  perpendicular  to  the  horizon  passing 

THROUGH    THE     INTERSECTION  F,  OF    THE    ROPES,    WILL     ALSO 
PASS  THROUGH  THE  CENTRE  OF  GRAVITY  G,  OF  THE  BODY. 

For,* continue  the  lines  AC,  BD  to  F  ;  then  it  is  the  same  thing 
whether  the  lines  that  sustain  the  body,  act  at  C  and  D,  or  at  F, 
in  the  same  directions ;  suppose,  therefore,  that  the  body  AFB  is 
suspended  at  F  ;  then  since  (by  Ax.  7.)  the  body  will  descend  as 
low  as  it  can  get;  and  (by  Cor.  Prop.  L.)  the  centre  of  gravity 
must  be  taken  for  the  place  of  the  body ;  therefore  the  centre  of 
gravity  G  will  be  in  the  line  FG  perpendicular  to  the  horizon. 
And  it  is  the  same  thing  if  AC,  BD,  intersect  in  a  point  F  below 
the  body;  for  the  body  cannot  be  supported  except  the  centre  of 
gravity  G  be  in  the  perpendicular  GF. 

Cor.  1.  Hence,  t^GN  be  drawn  parallel  to  AC,  the  weight  of  the 
body,  the  forces  acting  at  C  and  D,  are  respectively  as  FG,  CTJ,  and 
T^;  or  as  the  sines  of  the  angles  AFB,  GFB,  and  GFA. 

Cor.  2.  T/ie  lines  AC,  DB,  and  FG,  are  all  in  one  plane perpeik' 
dicular  to  the  horizon. 
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Cor.  3.  If  the  centre  of^miUyfM  nol  m  l*e  inw  FG,  IA<  hody 
will  not  rest  tiil  it  fall  m  thai  line. 

PROP.  LUI.    (Fig.  7.  PI.Vno 

If  ant  body  watever,  a9  BC,  or  aht  bram  loabbo  wits  a 
weigt,  be  supported  bt  two  planes  ab,  cd,  at  c  and 
b  ;  and  fromthe  points  c,  9»tbe  lives  cf,  bf,  be  drawn 

PERPENDICULAR  TO  THESE  PLANES  ;'aND  FROM  THE  INTERSEC*. 
TION  F,THE  LINE  FH  BE  DRAWN  PERPENDICULAR  TO  THE  B0-. 
RIZON,  IT  WILL  PASS  THROUGH  THE  CENTRE  OF  ORAVITT  Gy  OF  t 
THE  BODY. 

For  since  the  body  is  sustained  by  the  planes  at  6,  C,  and 
these  planes  re-act  against  the  body  in  the  perpendicular  direo- 
ti<Mis  BF,  CF ;  therefore  it  is  the  same  thing  as  if  the  body  was 
sustained  by  the  two  ropes  BF^CF;  and,  consequently  (by  Prop. 
last),  FH  will  pass  through  G,  the  centre  of  gravity  of  the  whole 
weight. 

Cor,  1.  JjTEG  be  drawn  parallel  to  CF,  then  the  whole  weight, 
the  pressure  upon  the  planet  CD,  AB,  are  retpectwefy  a$  TG,  EG, 
£F ;  and  m  these  very  directiont ;  or,  at  the  tinet  of  the  angles 
BFC,  BFG,  and  CFG. 

Cor.  2.  If  the  line  FG  drawn  (from  the  intertection  of  the  per^ 
pendieulart  FC,  FB)  perpendicular  to  the  horizon,  doet  not  past 
through  the  centre  ofgramhf,  the  body  will  not  he  sustained^  but  will 
tnove  till  the  centre  ofgravihffall  in  that  line. 

Cor.  3.  Hence,  if  the  potition  of  one  plane  C  "D  he  given, 
and  the  position  of  the  boify  CB,  and  itt  centre  of  gravity  G ; 
the  potition  of  the  other  plane  AB  mdy  be  found,  by  which  the 
body  will  be  tupported,  by  drawing  CF  perpendicular  to  CD,  attd 
GF  perpendicular  to  the  horizon;  and  from  F  drawing  FB ;  then 
'BAperpendictdar  to  it  it  the  other  plane. 

Scholium. — ^Some  people  have  objected  against  the  tmth  of  the 
two  last  Propositions,  as  well  as  some  others,  though  demonstra- 
bly proved.  But  this  arises  only  from  their  own  ignorance  of  the 
principles.  They  that  have  a  mind  may  see  this  very  Propo  - 
sition  demonstrated  five  or  six  different  ways  in  Prop.  XXlX. 
of  the  small  Treatise  of  Mechanics,  published  in  Vol.  VII.  of  the 
Cydomathesis. 

PROP.  UV.    {Fig.  10.  PI.  VII.) 
If  a  heavy  BODY  AD,  whose  centre  of  gravity  IS  G,  be 

SUSTAINED  BY  THREE   FORCES  A,  B,  C,  IN  ONE  PLANE,  ACTING 
:    IN  DIRECTIONS  AH,  BI,  CD.      AnD  IF  FGP  BE    DRAWN    PER- 
PENDICULAR. TO  THE  HORIZON,  AND  CD  PRODUCED  TO   CUT   IT 
IN  P;   AND  IF  AH,  BI  PRODUCED,  INTERSECT  IN    O;   THEN  IF 
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OP  BE  Pit AHK,  AVU^  IF  £P  AND  OF  BE  D&AWN  PABAIXEI.  TO 
AO  AND  PC;  THEN  I  SAY  JHE  WEIGHT  OF  THE  BODY^  THE 
THREE  FORCES  A,  B,  C,  ARE,  RESPECTIVELY,  AS  FP,  EP,  EO, 
OF.  ' 

Beoaase4ie4kie  OP  is  imrnQved,  the  point  O  15  sustained  by 
three  fov^ces  in  directioos  OP,.OA,  OB;  which,  therefore,  are  as 
the  lines  OP,r£P,<OE.  Also,  the  point  P  is  sustained  by  three 
Jbrceain  the  directions  PO,.  PC,  OP;  which,  therefore,  are  as  the 
Jines  OP,  OF,  FP:  of  which  that  in  direction  FP  is  the  weight 
of  the  body,  at  G  the  centre  of  gravity.  And  the  forces  at  O 
and  P,  in  the  direction  OP  and  PO,  are  equal  and  contrary. 

Cor.  HencCi  if  any  other  force  instead  of  the  toeisht  act  at  G,  tit 
direction  GP ;  then  the  forces  at  V,  A,  B,  C,  wUl  be  respective^  as 
FP,  EP,  EG,  OF. 

Scholium. — ^If  one  of  the  forces  be  given,  all  the  rest  may  be 
found,  if  they  act  two  and  two  at  different  points  0,  P.  But,  if 
five  forces  act  in  one  plane,  two  of  them  must  be  given. 

PR&P.  LV.  {Fig.9.Fl.Vn.) 

If  EBDE  be  4NY  prismatic  solid  ERECTED  tTPON  A  PLANE  AD  ; 
AND  IF  IT- BE  CUT  BY  ANY  PLANE  AGH  ;  I  SAY,  THE  SURFACE, 
OR  SOLID  GBDH,  CUT  OFF  BY  THIS  PLANE,  IS  RESPECTIVELY 
EQUAL  TO  THE  SURFACE  OR  SOLID  EBDF,  WHOSE  ALTITUDE  IS 
CI,  THE  LINE  PASSING  TBR0T7GH  THE  CENTRE  OF  GRAVITY  OP 
THE'BASE,  AND  PARALLEL  TO  THE  AXIS  OF  THE  SOLID. 

I  shall  not  demonstrate  this  geometrically  by  measuring,  bat- 
-meclianieally  by  Weighing  them.  Suppose  dhe  penphejry,  or  the 
base,  BD,  to  be  divided  into  an  infinite  number  or  equal  parts, 
by  planes  pwpendioular  to  the  horizon^  and  parallel  to  the  axis 
of  the  solid,  and  to  one  another  ;  and  imagine  AO  to  be  a  lever, 
«nd  let  each  particle  be  placed  on  AD  where  its  plane  cuts  it; 
then,  since  the  force  of  any  particle  to  move  the  lever  AD,  is  as 
that  paiticle  multiplied  by  its  distance  firom  A,  (by  Cor.  3.  PrpP* 
.XDC.)  therefore  tne  forces  of  the  eaual  particles  at  B,  C,  D, 
.&c.,  will  be  as  AB,  AC,  AD,  &c.,  ana  the  sum  of  all,  as  the  sum 
of  these  lines.  And,  because  C  is  the  centre  of  gravity  of  all  the 
partides ;  therefore  the  sum  of  all,  AB,  AC,  AD,  &c:  =:Bum  of  as 
many  times  AC;  that  i^t  (because  the  parts  of  the  base  are  given) 
=  AC  X  base.  But  GB,  IC,  HD,  &c.,  are  as  AB,  AC;  AD. 
Therefore  all  the  GB's,  IC's,  HD's,  8cc.c=  whole  base  x  IC. 
That  is,  the  whole  suffice  or  solid  GBDH  z=  whole  surface  or 
solid  BEFD. 

Cor.t,  If  411  Une,  right  or  curve,  or  any  plaiajigure,v)hether 
rigkt'Umd  or  i:ynfeJinedf  revolve  about  an  ojns  in  the  plane  of  the 
fig¥irei  (the  surface, oPfSpUd  generated,  is  respectively  equal  to  the 


Digitized 


by  Google 


Sect.V.  CENTRE  OF  GRAVITY.  65 

surface  or  tolid  whoie  bate  it  the  line  orjigure  gwen^  <md  height 
equal  to  the  arch  detcribed  6y  thecentre  of  gravity, 

(Fig.  1.  PI.  VIII.)  Let  BOdb  be  the  figure  genenti^.  On 
the  base  BCD  erect  the  surface  or  solid  BDFE,  and  let  C  be  the 
centre  of  gravity.  Since  the  arches  fi6,  Cr,  Di/,  are  as  the  radii, 
AB,  AC,  AD,  that  is,  as  EG,  CI,  DH :  therefore,  if  CI  =:  Cc^ then 
will  all  the  lines  EG,  CI,  DH,  &c  =  aU  the  arches  B&,  Cc,  Dt^ 
&c.;  that  is,  the  surface,  or  solid  BDdfr  ==  BDHG,  that  ii  (by 
this   Prop.)  =  BDf  E. 

Cor.  2.  Alto,  if  a  curve  revolva  about  amf  right  Urn  drawn  through 
its  centre  of  gravity ;  the  turfacet  generated  {either  by  a  partial  or 
total  revolution)  on  oppotite  tidet  of  the  line,  wili  be  equal. 

For  (by  Cor.  2.  Prop.  XLJV.)  each  part  of  the  curre  multiplied 
by  the  distance  of  its  centre  of  gravify  from  this  line,  must  be 
equal  on  both  sides.  And,  bv  Cor.  2.,  each  surfhee  gen«rfited, 
is  equal  to  the  curre  multiplied  by  the  arch  described  at  tbnt  dis- 
tance; and  these  arches  (oeing  similar)  are  as  these  distances. 
Whence,  each  surface  is  as  the  curve  multiplied  bv  the  distance  of 
its  centre  of  gravity;  and,  therefore,  they  are  equal. 
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SECTION  SIXTH. 

OF  THE  CENTRES  OF  PERCUSSION,   OSCILLA- 
TION,  AND  GYRATION. 


PROP.  LVI.  (Fig.  2.  PL  VIII.) 

Let  there  be  any  system  of  bodies  A,  B,C,  considered  with- 
out WEIGHT,  AND  MOVEABLE  ABOUT  AN  AXIS  PASSING  THROUGH 
S;  AND  IF  ANY  FORCE/cAN  GENERATE  THE  ABSOLUTE  MOTION 
m  IN  A  GIVEN  TIME  ;  IF  THE  SA.ME  FORCE  ACT  AT  P,  PERPENDI- 
CULAR TO  PS;  THE  MOTION  GENERATED  IN  THE  SYSTEM,  IN 
THE  SAME  TIME,  REVOLVING   ABOUT  THE   AXIS   AT    S,   WILL  BE 

A  X  SA  4-  B  X  SB  4-  C  X  SC  ^  gP  x  m 

A  X  SA»+  B  X  SB»-f  C  X  SC 

For,  suppose  PS  perpendicular  to  the  axis  at  S,  and  to  the  line 
of  direction  PQ.  And  SA,  SB,  SC,  perpendicular  to  the  axis  at 
S.  And,  suppose  the  force^  divided  into  the  parts />,  9,  r,  acting 
separately  at  P,  to  move  A,  B,  C.  Then  (by  Cor.  3.  Prop.  XIX.) 
the  bodies  A,  B,  C,  will  be  acted  on  respectively  with  the  forces 
SP„  SP^  SP^ 
SA^  SB''   SC 
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Since  the  angular  motion  of  the  whole  system  is  the  same^  the 
velocities  of  A,  B,  C,  are  as  SA,  SB,  SC ;  and  their  motions  as 
A  X  SA,  B  X  SB,  C  X  SC ;  and  these  motions  are  as  their  ge- 
nerating forccs^p,  ??a,  ?Fr.    Whence  p,  7,  r,  are  as  ^^L?^*. 
SA'^'  SB''    SC  SP 

B  X  SB"      C  yc  SC 

— Sd — ,  ~ •    pot  the  sum  of  these  =  t,  and  sincep  + 

«*  SP 

9  +  r=/.     Therefore,*  :/::^^SA-     /x  A  xJA* 

^        -^  •        SF  «xSP         '^ 

And  |Pp~/x  A  X  SA   _  ^^^  ^^^  ^^  j^    Then/:  m  : : 

fx  Ax  SA  .  wx  A  X  SA-  ^^^^  ^^      ^ftjjy  ^  ^„g 

s  i 

nannPr  "«   X  B  X  SB     1W  X  C  X  SC^^^  ^^  tnntinn.  »f  B  and 

S  i 

C.    Therefore,  the  whole  motion  generated  in  the  system  is, 
AxSA  -«-  B  X  SB  +  Cx  SC  ^  „ 

s 

Cor,  1.  7/5,o«mate  SO  -A  X  SA*  +  B  X  SB» -h  C  X  SC 
AxSA-hBxSB-hCxSC, 
ihentfaU  the  hodki  be  placed  in  O,  the  moUon generated  in  the  «yt- 
tent  will  be  the  same  as  before^  as  to  the  quantity  ofmotiany  or  the 
sum  of  all  the  absolute  motions;  but  the  angidar  velocity  will  he 
different. 

For    the    motion    generated    in    these   two    cases,  will   be 
AxSA  +  BxSB-hCxSC^p         ^^A+B-fCxSO 
AxSA«+BxSB»+CxSC  A+B-+CxSO= 

X  SP  X  m;  and  if  these  be  supposed  to  be  equal,  there  comes 
out  SO  =  AxSA^H-BxSfr  +  CxSC 
A  X  SA  +  B  X  SB  4-  C  X  SC  ' 

Cor.  2.  The  angular  velocity  oJTany  s^lem  A,  B,  C,  generated  in 
a  given  time,  fy  anyforce  /,  acting  at  P,  perpendicular  to  PS,  if  as 

Ax  SA«  +  B  X  SB»  •*.  C  X  SC* 

For  the  angnlar  velocity  of  the  whole  system  is  the  same  as 
of  one  of  the  bodies  A.  But  the  absolute  motion  of  A  is  = 
«  X  A  -I-  SA  ^^  ^  absolute  velocity  of  A  =  ^^  SA.  ^^^ 

s  '  s 

theanguhur  velocity  is  as  the  absolute  velocity  directly,  and  the  ra- 
dium or  distance  reciprocally ;  therefore  the  angular  vel.of  A,and, 
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consequently,  of  the*  whole,  system,  is  as  '^  nj.  ^         X  SP 

«       A  X  SA',  &c.-^ 

that  is,  (because  m  is  as  the  force  f,)  as J  X  o 

AxSA»  +  B  X  SB»,.&c* 

Cor.  3.  £knce,  ^Aere  wi7/  be  the  same  tmgtdar  velocity  gene- 
rated  in  tlie  system,  and  with  the  same  force,  as: there  tooM.  be 
in  a  single  bodi/  placed  at  P,  and  whose  quantity  of  matter  is 
A  xS/J  4-  B  X  SB»  +  Cx  SC» 

.— St*    ^* 

For  let  P  —  that  body,  then  (by  Cor.  2.)  since/  and  SP  are 
:given,  the  angular  velocities  of  the"  system  and  body  P,  will  be 

to  one  another,  as  1 _  to_l_L_.  Which  he- 

AxSA*+B5rSB',&c.      PxSP 

•  ing  supposed  equal,  we  shall  h«^P-^AxSA*4-BxSy-fCxSC» 

Cor.  4.  The  angular  motion  of  any  system,  generated  by  ^  toit- 
'  form  force,  will  he  a  motion  uniformfy  accelerated. 

PROP.  LVII.   {Fig.  3.  PL  Vm.) 

.  To  FIND  THE  CENTRE  OF  PERCUSSION  OF  A  SYSTEM  OF  BOPISS,  OR 
TB£  PO^KT,  W9JCH  STRIKINQ  AN  IMMOVEABLE' OBJECT,  THE 
SYSTSM  SHALL  INCLINR  TO  NEITKIill  SIDE,  hVt  BAST  AS  It  W&1IK 
IN  EQVILIBRIO. 

Through  the  centre  of  gravity  G  of  the  system,  draw  a  plan* 
perpendicular  to  the  axis  of  motion  in  S.    And  if  the  bodies  are 

•  not  all  situated  in  that  pla^e,  draw  lines  perpendicular  to  it  from 
the  .bodies,  and  let  A,  B.  C,  be  the  places,  or  tliese  bodies  in  the 
plane.  Draw  SGO,  and  let  O  be  the  centre  of  percussion.  Draw 
Af  Bg,  Qh,  perpendicular  to  SO,  and  Aad  to  SA,  and  makd  ad 
szSA,  and  draw  ea  perpendicular,  and  de  parallel  to  SO«  Theo 
a  A  will  be  the  direction  of-A's  tncrtion,-  as  it  ocvotveis.  about  S. 
And  the  system  being  stopt  at  0#  the  body  A  wiU  urge  the  point 
a  forward,  with  a  force  proportional  to  iw  matter  and  velocity; 
that  is,  as  A  X  SA  or  A  X  (td-  And  the  force  wherewith  A  acts 
at  a  in  direction  ea,  is  A  x  ea  or  A  x  S/*.  And  the  forc«  of  A  id 
mm  the  system  about  O,  is  A  x  Sf'xaO  (t>y  Cor.  3.  Prop. 
XIX.)  =  A  X  S/  X  SO  —  Sa  IS  A  K  S/  X«0  -^- A  X  8A^ 
Likewise,  the  foroe$  of  B  and  C  to  turn  the  systetn  about  O,  ii  as 
Bx Sg  X  J^O-B X  SB',  and  C  X  SA  X SO-*CxSC».  Andsinw 
the  forces  on  the  contrary  sides  of  O  destroy  one  another,  thecefoje  A 
X  S/x  SO— A  X  SA*+B  X  Ser  X  SO— B  x  SB'+C  x  SA  x  SO— C 
xSC-=0.  Therefore  SO  ^AxSA'+BxSB'  +CxSC',&c. 

Ax§f+Bx%+CxS^^c 
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ihe  distanee  oi  the  centre  of  percturioo,  from  tiie  atn  of  motion. 
M'heie  note,  if  any  poioU/,  ^,  A,  6U  on  tbe  contrary  side  of 
S,  the  correspondent  rectangles  most  he  negative, —  A  x  S/;^ 
B  X  Sg,  &c. 

Cor,  1.  JfG  be  tie  centre  of  gravity  of  a  tyttem  qfbodkt  A,  B, 
C,  the  Sxtance  of  the  centre  m  pereuuionfrom  the  tuit  of  motion^ 
thatis^^O-  AxSA'H-BxSy-fCxSC&c. 

SG  x  A-f  BH-C,ficc. 
>  For,  by  Prop.  XLTV.,  AxS^+Bx%+CxSA=r 
A  +  B  +  C  X  SG. 

Cor.  2.  The  distance  of  the  centre  ofyeraaakmfrom  the  centr€ 
of  gravity  G,  «  GO  :^  GA' X  A -H  C&  x__B  + GO- X  C 

SGxA  +  B  +  C 

For,  AxSA»-fBxSB«4-CxSC*=AxSG*-hGA'-^2SGx(y 
-f  B  X  SG»+  GB»+  2SG  X  Gg  +  C  x  SG*  +  CG»-H2SG  x  GA,  by 
EucLJI.  12  and  13.     But,  (by  Cor.  2.  Prop.  XUV.)  —  Ax 
q/'+  BxGg  +  C  X  GA=0;  therefore  AxSA«-|-BxSB»+Cx 
SC'  =  A+B+C  X  SG»  +  A  X  GA*  +  B  X  GB?  -f  C  x  GC. 

Whence  (by  Cor.  1.)  SO  or  SG  +  GO  =  SG»  x  A  +  B  j;^ 

SG  X  A^-fi+C 
^AxGA'  4-  B  X  GB'  H-  C  X  GC« 

SG  X  A+B  +  C 
Cor.  3.  Hence,  SG  x  GO  izithejivenqtumtUy 
AxGA'  +  BxGB^  +  CxGC^     ^therrfare,  GO  iireci. 

A  +  B  +  C  »     ->        ^ 

procally  at  SG. 

•   Fo^eachofth6b<^ie8  A,  B,C,  and  their  distances  from  G,  art 
^iVeh.    ' 

Cor.  4.  Hence,  oZm),  I^  Sfi  5e  gii>en,  GO  toillbe  given  aho.  Jnd, 
therefore,  if  the  plane  of  the  motidn  remain  the  same,  in  respect  to  the 
bodies^  and  the  distanceSG  remain  the  tame,  the  distance  of  O  from 
G  wifl  remain  the  same  alto. 

Cor.  5.  The  percwmon  ongnmOity  of  the  stroke  atO,l^the  motion 
•if^ke  sjfstem,istketameatittDOuidie  at  G;smosing  ail  ^bodies 
placed  in  G,  and  the  at^^ular  vehdly  the  same,  JPor  the  sum  of  the 
n^t^iens^fA,  B,  C,  in  the  system,  acting  against  O,.  is  fisA  X  SA  X 

SA  .  o vSB  V  SB  .  r  V  sr  V  SC-A  X  SA«+Bx SP+C x  SC» 
_+BXSBx^+CxSCx-- ; 

=SGx  A+B+C  (by  this  Prop.)  hut  SGx  A+B+C,  denotes  the 
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motion  of  A-^B+C,  acting  ugaimt  G,  or  an  olntacle  placed  there. 

Cor.  6.  In  a  botfy  or  n^gtem  qfbodieSf  oscillating  about  a  centre  S, 
ifVbe  the  velocUy  ofO,  the  centre  of  percussion;  the  shock  or 
quantity  of  the  stroke  at  any  point  P,  against  an  obstacle  there, 
«  SO 

**  ^  X  V  X  turn  of  the  bodies,  or  of  the  whole  system,  and,  there- 
fore, are  reciprocally  as  SP;  For  the  velocity  of  A  being  denoted  by 
SA,  its  quantity  of  motion  is  Ax  SA.     But,  hf  tfie  property  of  the 

lever  ASP,  its  quantity  of  motion  against  P  u,  A  x  SA  x  Z^  >  or 
^L^lM!  In  like  manner,  the  motionsofB,  C,againstV  arelL?L5?* 

c  ^  sc 

■  ^  ,  therefore  the  sum  of  all,  or  the  whole  stock  against  P,  is 
AxSA.+BxSB'+CxS(?  ^  ,^  ^  reciprocaUy  a,  SP,  aU 

the  rest  being  given  quantities.     But  by  this  Prop.  AxSA^-^B  x 

SB»-hCxSC»_  SO  — — 

SP ""    SP^'^^^'^"'"®"*"^'    where  SO  denotes  the 

velocity  of  O,  the  same  as  V. 

Cor.  7.  IfOl  be  drmon  perpendicular  to  SO,  then  OT  will  ke 
the  locus  of  all  the  centres  ojpercmsion. 

For  the  direction  of  O  is  in  the  line  OT;  and,  therefore,  it  is 
the  same  thing  which  point  of  the  line  OT  strikes  an  obstacle. 

PROP.  LVin.  (F^.  6.  P/.  vni.) 

To  FIND  THE  CENTRE  OlP  OSCILLATION  OF  A  SYSTEM  OF  BODIES,  OR 
SUCH  A  POINT,  IN  WHICH  A  BODY  BEING  PLACED,  WILL  YI- 
BRATE  IN  THE  SAME  TIME,  AND  WITH  THE  SAME  ANGULAR 
VELOCITY    AS  THE  WHOLE  BODY. 

Let  the  axis  of  motion  be  at  S,  perpendicular  to  which  draw 
the  plane  in  which  tlie  centre  of  gravity  G  moves;  draw  SCO, 
and  let  O  be  the  centre  of  oscillation;  draw  the  horizontal  line  Sr, 
and  from  the  bodies  A,  B,  C,  draw  An,  Bb,  Cc,  perpendicular  to 
•SO;  and  also,  Ae,  Bn,  Cd,Gg,  Or,  perpendicular  to  Sr. 

Put«=i  AxSA'-hBxSB'+CxSC.  Then  (by  Cor.  2.  Prop. 
LVI.)  the  angular  velocity  which  A,  B,  C,  generate  in  the  system 

by  their  weight,  isT^L^J^^^"^  ^  ,  ^^iL^,  and  the  vhole  angu- 
s  s  «      . 

lar  velocity  generated  hy  them  all  j  — Se  X  A+  Sn  x  B-h SrfxC. 
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Likewise  the  angular  Telocity  which  any  partiele  p,  sitnatcd  in  O, 

geoerates  in  the  mtem,  by  its  weidit  is        ^  ^      or 

J        ,   J  ^^       j>  X  SO»  SO', 

or   ?? because  of  the  similar  triangle  SgO,  SrO*    But 


SO  X  SO 

th«r  Tibrations,  and  every  part  of  them,  are  performed  alike ;  there- 
fore their  angular  velocities  mast  be  every  where  equal ;  that  is, 
-SexA-hSnxB-HSrfxC^       Sg         ^^^  ^  ^^. 
i  SGxSO  ^ 

tion  SO  =-5?x -J .  ButrbrProD. 

SG    -.SexA-HSnx  B -h  Sd  X  C      "'^°y*^P' 

XLIV.)  — S«xA+SnxB+&/xC=S^xA+B+C.  Iherefore 
the  distance  of  the  centre  of  osdllatioa  from  the  axis  of  motion, 
SO  =  *      •  -.  AxSA'-hBxSg-hCxSC&c. 

SG  X  A+B  +  C  SG  X  A  +  B  +  C,  &c. 

AxSA«+BxSB^H-CxSC»,&c.  Where  A  ^ &..  B  v ^  Jt. 
=AxSa+BxS^  +  CxSc,fcc,  ^^^^^"^  AxSa,BxSA,&c. 
must  be- negative,  when  a,  by  fcc.  lie  on  the  contrary  side  of  S. 
And  since  all  these  quantities  are  the  same  at  all  elevations  of  the 
axis  SO ;  therefore  the  point  O  is  rightly  found ;  and  the  system 
has  such  a  point  as  is  required.  Likewise,  it  appears  by  Cor.  !• 
of  the  last  Prop,  that  the  centre  of  oscfllation  is  the  same  with  the 
centre  of  percussion. 

Cor.  1.  I/p  he  amf  particle  of  a  boify,  d  Us  dUianceJrom  S,  the 
ari$  of  motion;  G,  O,  the  centres  of  gmvity  andotcUuUum;  then 
the  distance  of  the  centre  of  osdUation  of  the  hody^from  the  axis  of 
motionySO  =  ^of^^^^PXdd 
■^  SG  X  6afy 

Cor,  2.  If  the  bodies  A,  B,  C,  be  large^and,  therefore^  the  centre 
of  otcillation  of  each^  not  in  the  centre  of  gravity;  let  d,  «,/,  be 
the  respective  distances  of  their  centres  of  gravity,  <>«/ d,^,  r,  of 
their  centres  of  osdllationj  from  S.  Then  wHl  the  distance  of 
the   centre  of  oscillation  from  S,    the  axis  of  motion,  SO  :s 

dpA  H-gyB  x/rC        _  dpA  ^  eqB  -h/rC 

AxSa-hBxS6+CxSc       SG  x  A-f  B+C" 

For  let  0,  6,  G,  be  any  particles  in  il,  B^  C;  and  x,  v,  x, 
their  distances  from  S  respectively.  Then,  by  this  Prop.  SO  n 
sum  i^+sum  30^6  + sum  i:^c;  g^^^sumxra  _  ^^    ^^  ^^^  ^^^ 

SG  x  A-hB+C  ^ 

zif^A,  and  sum  yyb  :ii  ebB,  and  sum  ZMc  iz  fiC  ;  and  SG  x 
A+B-hC  =  SflxA+S6xB-hScxC. 
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Car,  a.  To  find  the  centre  qfoicUlationqfan  irregular  hody^  net- 
pend  it  at  the  eiven  pointy  arid  hang  tq>  a  single  pendulum  of  tuck  a 
lengthy  that  rit3dng  them  both  vibrate,  they  map  keep  time  together. 
Then  the  length  ofthispendtdum  is  equal  to  the  distance  of  the  cen- 
tre of  suspension  from  the  centre  qf  oscillation  of  the  6afy. 

Cor,  4.  What  has  been  demonstrated  by  the  last  Prop,  and  Cor, 
1,  2,3,  4y  for, the  centre  qf  percussion  holds  equally  true  for 'the  cat- 
tre  of  osculation. 

Scholium. — ^I  shall  just  take  notice,  that  if  the  distance  of  the 
axis  of  suspension  from  the  centre  of  gravity  SO,  be  made  equal 

toW^^>iA±^KJLA±29jtS;  the  body  ^  oscU- 

^  A+B  +  C.  ^ 

late  in  the  least  time  possible. 

In  very  small  bodies,  or  any  bodies  oscillating,  at  a  great  dis- 
tance from  the  axis  of  motion,  the  centre  of  osciUation  or  percus- 
sion is  in  or  v6Ty<  near  the  centre  of  gravity.  And  the  reason 
why  the  centre  of  oscillation  or  percussion  is  not  always  in 
the  centre  of  gravity,  is  because  the  body  in  vibrating  is 
made  to  turn  about  a  centre.  But,  if  it  be  so  contrived  as 
always  to  move  parallel  to  itself,  without  any  circular  motion,  the 
centres  of  gravity,  of  oscillation,  and  percussion  will  be  the 
same. 

The  distance  of  the  centres  of  oscillation  and  percussion,  from 
the  axis  of  motion,  as  calculated  by  Cor.  1,  is  as  follows.  Where 
the  axis  of  motion  is  at  the  vertex,  and  in  the  plane  of  the 
figure. 

1.  In  a  right  line,  small  parallelogram,  and  cylinder,  §  the  axis 
6f  the  figure. 

2.  In  a  triangle,  f  the  axis  "v 

3.  In  a  plane  of  a  circle,  f  the  radius  f    nearlv 

4.  In  the  parabola,  f  the  axis  r  ^' 
.'  .  5.  Pyramid  and  cone,  f  axis                      * 

6.  In  a  sphere,  r  zn  radius,  d  =  distance  of  the  axis  of  motion 
from  its  centre.    Then  the  distance  of  the  centre  of  oscillation 

from  the  axis  of  motion,  is  d  +  .. . 

6d 

PROP.  LIX.    {Fig,  5,   P/.VIII.) 

To  FIND  TpE    CENTEE    OF    GYRATION   OF   A  SYSTEM  QF  BODIES,  OR 
SUCH  A  POINT  O,  AS  THAT  A  GIVEN  PORCE,  ACTING  AT  A  CERTaIn 
'    PLACE,  WILL  IN    THE  SAME  TIME  GENERATE  THE   SAME  ANGU- 
LAR   VELOCITY    IN  THE  SYSTEM,  ABOUT  AN    AXIS  SR,  AS  IF  THE 
WHOLE  SYSTEM  WAS  PLACED  IN  O. 

Draw  the  plane  PQS  perpendicular  to  the  axis  of  rotation  SR; 
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and  let  SA,  SB,  SC,  be  the  neaMt  distanoes  of  .the  bodies  A,  B, 
C,  from  the  axis  SR;  and  let  the  force/  act  at  P,  in  direcUon  PQ 
perpendicular  to  PS;  then  (by  Cor.  2.  Prop.  LVI.)  the  angu- 
lar  velocity  generated  in  the  system  by  the  force  /,  will  be  as 

^P  x/  and  in  the  system  placed  in 

A  X  SA*-|-  B  X  SB*  -f  C  X  SC* 

O,  it  will  be  ^^  ^JL ;  and  if  these  velocities  be  made 

A+  B  -hC  X  SO* 
equalweshallb.veSO.=.^2<M!±52^2J^!  When« 

the  distance  of  the  centre  of  gyration  O  from  the  a<is  of  motion 
«tq    iW  U  ^O-     /AxSA'-HBxSB'-l'CxSC* 
atS,  that  IS  SO  -.  V X^i^B+C 

Cor.  1.  (Fig.  8.  PI.  VIII.)  Xc*  fc  =  911011%  0/  maiter  in  ar^ 
hoAfABRCSfpamfparticUyd^i^,  Ui  distance  from  the  axit  tf 
rotation  SR  :  then  the  tqrnre  of  the  distance  of  the  centre  ofgyrtt- 

.     ^  ^i  ^  •    o/\« sum  of  ail  the  atb 

tim,fnm  the  aaeu  ofmotum,  that  w,  SO»  = =1— =21 . 

Cor.  2.  (Fig.  5.  m.  Vin.)  If  any  part  of  the  nfttem  be  sufpo9ti 
to  be  placed  in  the  centre  of  gyration  of  that  particular  part;  the 
centre  of  gyration  of  the  whole  system  will  continue  the  same  m 
hefijre- 

For,  by  this  Prop,  the  same  degree  of  force  which  moved  this 
paitofthe  system  before,  along  with  the  rest,  will  move  it  now 
without  any  alteration  ;  and,  therefore,  if  each  part  of  the  system 
be  collected  into  its  proper  centre  of  gyration,  the  centre  of  gyra- 
tion of  the  whole  will  continue  the  same. 

Cor.  3.  (Fig.  5.  PI.  VIII  )  If  a  circle  he  described  from  G,  the 
centre  of  sraoity  of  the  system  ;  and  the  axis  of  rotatum  be  made  to 
pass  H^vugh  any  pmnt^yin  Us  periphery;  the  ^stance  of  the  centre 
ofgyrutionfrom  timt  point  will  always  be  the  same. 

For  (by  Cor.  6.  Prop.  XLIV.)  the  quantity  A  x  SA«  +  B  X 
SB»  -f  C  x  SC«  wiU  be  given. 

Cor.  4.    The  distance  of  the  centre  ofmrationfrom  the  axis  of 
mtiony  is  a  mean  proportional  between  the  ^stances  of  the  centres  of 
gramty  and  percussion  from  that  axis. 
It  follows  from  this  and  the  last  Prop. 

Cor.  5.  Themonientum  or  quantity  of  motion  of  the  whole  w- 
tm,  actme  aeainst  an  obstacle  at  O,  the  centre  of  gvratwny  w  the 
samoMYMaTbodies  were  placed  in  Oy  the  tmguhr  velocity  re- 
maining the  same.  For  the  momenta  or  quanttttes  ofmotum  are  as 
theforces. 


Digitized 


by  Google 


74  CENTRE  OF  OSCILLATION,  &c.        Sect.  VI. 

Scholium. — Ijt  is  the  same  thing  on  whatever  side  of  the  axis 
of  rotation  SR,  the  point  O  or  centre  of  gyration  be  taken,  pro- 
vided it  be  at  its  proper  distance. 

By  a  computation  from  Cor.  1 .  the  distance  of  the  centre  of 
gyration  from  the  axis  of  rotation,  in  the  foUoinring  bodies,  will 
be, 

1.  In  aright  line  or  small  cy/inier  (revolving  about  the  end) 

SO  =  length  X  ^/T 

2.  The  plane  of  a  circle,  or  cylinder,  (revolving  about  the  axis) 
SO  =  radius  X  \/4. 

3.  Theper^>hery  of  a  circle,  (about  the  diameter)  SO  =  radius 

4.  The  plane  of  a  circle,  (about  the  diameter)  SO  =  }  radius. 

5.  The  surface  of  a  sphere,  (about  the  diameter)  SO  =z  radius 
X  x/i. 

6.  A  globe,  (revolving  about  the  diameter)  SO  :=  radius  x  {. 

7.  In  a  cxme,  (about  the  axis)  SO  =:  radius  x  \/tv* 

If  the  periphery  of  a  circle  revolve  about  an  axis  in  the  centre, 
perpendicular  to  its  plane,  it  is  the  same  thing  as  if  all  the  matter 
was  collected  into  any  one  point  in  that  periphery.  And  the 
plane  of  a  circle  of  double  the  matter  of  this  periphery,  and  the 
same  diameter,  will,  in  an  equal  time,  acquire  the  same  angular 
velocity. 

If  the  matter  of  any  gyrating  body  were  actually  to  be  placed 
in  its  centre  of  gyration,  it  ought  either  to  be  disposed  of  in  the 
circumference  of  a  circle,  whose  radius  is  SO,  or  else  into  two 
points  O,  diametrically  opposite,  equal  and  equi-distant  from  S. 
For,  by  this  means,  the  centre  of  motion  S,  will  be  in  the  centre 
of  gravity ;  and  the  body  will  revolve  without  any  lateral  force  to- 
wards any  side. 

PROP.  LX.    {Fig,  7.  PI.  VIII.) 

Ip  EF  be  ant  body  at  rest  in  free  space,  G  its  centre  of 
gravity,  the  points  s,  o,  one  the  centre  of  suspension, 
the  other  of  percussion;  and,  if  a  moving  body  b  strike 
directly  against  the  point  o,  the  motion  generated  in 
the  body  ef  by  the  stroke  shall  be  such,  that  in  the 
time  that  the  body  makes  one  revolution  about  its  cen- 
tre of  gravity  g,  the  centre  of  gravity  will  move  for- 
ward a  space,  equal  to  the  circumference  of  a  circle, 
whose  radius  is  sg. 

Let  the  body  vibrate  about  the  point  S,.and  in  a  very  small 
time,  from  the  position  SGK),  come  into  the  position  Sgd.  Now, 
the  arches  Gg,  Od,  vnll  be  as  the  velocities  of  the  points  G,  O, 
vibrating  about  S;  therefore,  when  it  comes  into  the  position 
SGO,  if  it  were  disengaged  from  the  point  S ;  the  centre  of  gra- 
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vity  G  would  stiU  move  forward  with  the  same  velocity  G^;  and 
die  body,  instead  of  revolving  about  S,  would  (by  Cor.  1.  Prop. 
XUX.)  revolve  about  G  with  the  same  angular  motion  as  be- 
fore. Therefore,  if  rGo  be  drawn  parallel  to  Sgdy  Og  will  re- 
present the  velocity  of  G,  and  Go  the  velocity  of  O  about  G. 
Andy  because  Oo,  Gg  are  very  small  similar  arches^  therefore 
their  circamferences  will  be  described  in  equal  times ;  that  is,  in 
the  time  that  O,  or  the  body  itself,  makes  one  revolution  about 
G,  the  point  G  will  advance  forward  a  space,  equal  to  the  cir- 
cumference of  a  circle,  whose  radius  is  SG. 
*  Now,  this  is  the  motion  acquired  by  revolving  about  S.  But 
(by  Prop.  LVII.)  if  a  body  so  revolving,  strikes  an  immoveable  ob- 
ject at  O,  both  the  progressive  and  circular  motion  will  be  de- 
stroyed, and  the  boay  will  be  at  rest.  It  is  evident,  on  the  contrary, 
that  if  a  moving  body  strike  the  body  at  rest  in  the  point  O,  with 
the  same  force,  the  same  motion  will  be  restored  again ;  and  is 
the  same  as  above  described. 

Cor.  1,  At  the  beginning  of  the  motion,  and,  also,  after  every  re- 
volution  of  the  botfy,  tohen  the  line  SGO  comes  into  its  original  pO" 
sitioUf  so  as  to  be  perpendicular  to  the  line  of  direction  OB,  the 
point  S  wHl  be  at  rest  for  a  moment. 

For,  in  this  position,  it  will  be  fby  this  Prop.)  as  velocity  of  O 
about  G  :  velocity  of  G  : :  OG  :  OS.  And,  by  composition,  ve- 
locity O  about  G  4-  velocity,  G  that  is  absolute  velocity,  O  ;  ab- 
solute velocity,  G;  :0g  -{-  GS  or  OS  :  GS.  Therefore,  since  the 
absolute  velocities  of  O  and  G  are  directly  as  their  distances  from 
S,  it  follows,  that  the  point  S  is  at  rest. 

Cor,  2.  Let  a.  body  A  =  ^  x  body  £F ;  and  ifV  be  the  ve- 

SO 

lodty  wltich  the  body  A  toould  receive  by  the  direct  stroke  of  B;  then 

1  say,  the  absolute  velocity  of  the  body  EF  (or  of  its  centre  qfgra- 

SG 
vity  G,)  which  it  receives  by  B  impmging  at  O,  wiU  be  —  V. 

SO 

For  let  p  be  any  particle  of  the  body  £F,  and  Sp  its  dis- 
tance from  S.     Then,  (by  Cor.  3.  Prop.  LVI.)  if  a  body  = 

8umofalltheSp>X;>^^   ^^^ipQit^n  receive  the  samean- 

S0»  ^ 

gular  velocity,  by  the  stroke,  about  S  at  rest,  as  the  body  £F 
when  struck  in  6.  But  (by  Cor.  1.  Prop.  LVIII.)  sum  Sjf  x  » 
=  80  X  SG  X  bodyEF;  whence  the  body  SO  X  SG  x  body  EF 

or  A,  placed  in  O,  receives  the  same  angular  velocity  about  S, 
as  the  point  O  of  the  body  EF.  But  velocity  of  O  or  A  :  velocity 
G  : :  so  :  SG.  For,  at  the  beginning  of  the  motion,  S  is  at  rest, 
by  Cor.  1. 
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Cor,  3.  The  velocity  lost  in  B  by  the  stroke.  wUl  be    *^.         X 

bo€fy  B 

SGy 

SO 

For  the  sum  of  the  motions  of  all  the  bodies,  after  the  stroke,  is 
the  same  as  the  motion  of  B  before  it,  by  Prop.  X. 

Scholium. — ^The  point  S  is,  by  some,  called  the  spontaneous 
centre  of  rotation;  because  the  body  (or  system  of  bodies)  at  the 
beginning  of  the  motion,  moves,  as  it  were,  of  its  own  accord, 
or  without  any  compulsion,  about  the  centre  S  at  rest. 

PROP.  LXI.    (F%.  9.  P/.VIII.) 

Let  DE  be  any  body,  C  its  centre  of  gravity,  and  if  fbom 
the  centre  c,  the  circle  bfs  be  described,  and  if  about 

BFS  AS  AN  AXIS,  A  CORD  ASBFS,  BE  WOUND,  AND  THE  END 
FIXED  AT  A;  AND  IF  O  BE  THE  CENTRE  OF  OSCILLATION,  IK 
RESPECT  TO  THE  CENTRE  OF  SUSPENSION  S,  THEN  IF  THE 
BODY  DESCEND  BY  A  ROTATION  ROUND  THE  AXIS  BFS,  BY-  UN- 
WINDING THE  CORd'ASBF,  &C.  ;  then,  I  SAY,  THE  SPACE  DE- 
SCENDED BY  THE  WHIRLING  BODY  DE,  IS  TO  THE  SPACE  DE- 
SCENDED IN  THE  SAME  TIME  BY  A  BODY  FALLING  FREELY,  AS 
SC    TO   SO. 

Through  the  point  of  contact  S  and  the  centre  of  gravity  C, 
draw  the  horizontal  line  SCO.    Then  (by  Prop.  LVIII.)  the  an- 
.  gular  velocity  of  the  body  about  the  point  of  suspension  S,  at  the, 
beginning  of  the  motion,  will  be  the  same  as  if  the  whole  body' 
was  placed  in  O.    But,  if  a  body  was  placed  i9  O,  its  velocity 
generated  at  the  beginning,  will  be  the  same  as  of  a  body  £sd- 
ling  ireely.   .Therefore,  drawing  Sco  infinitely  near  SCO,  and  the 
small  arches  Op,  Cc,  then  the  velocity  of  O,  is  to  the  velocity  of 
the  centre  of  gravity  C,  as  Oo  to  Cc,  or  as  SO  to  SC;  that  is,  the 
velocity  generated  by  a  body  falling  freely,  is  to  the  velocity  of 
the  descending  body  DE,  as  SO  to  SC.     Now,  since  the  points 
S  and  O  are  always  in  the  horizontal  line  SCO,  and  the  radius 
SC  is  given,  and  likewise  (by  Cor.  4.  Prop.  LVII.)  the  distance 
CO ;  therefore,  the  velocities  of  O  and  C  ip  any  tiroes  will  al- 
ways be  as  SO  to  SC;  that  is,  the  velocity  of  a  body  descending 
freely,  is  to  the  velocity  of  the  whirling  body  DE,  always  in  the 
ratio  of  SO  to  SC ;  and,  therefore,  (by  Prop.  VI.)  the  spaces  de- 
scribed are  in  the  same  ratio. 

Cor.  1.  llie  weight  of  the  body  DE,  «  to  the  tension  of  the  cord 
AS,  as  SO  to  CO. 

For,  let  the  body  be  supported  atX),  then  since  B  is  the  centie 
of  gravity,  therefore  (by  Cor.  Prop.  L.,  and  Cor.  5.  Prop.  XJX.) 
the  weight  DE  is  to  the  pressure  at  S,  as  SO  to.  CO.    Now,  if  the 
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point  O  be  let  go,  the  force  acting  at  O  will  geoerate  a  motion 
about  S,  whilst  the  pressure  at  S,  and,  conseouently,  the  tension 
of  the  cord,  is  neither  increased  nor  decreased,  but  remains  the 
same  as  before. 

Car,  2.  Tfa  circular  botfy,  as  BFS,  runt  down  an  inclined  plane, 
whilst  the  threeul  ASB  unfolds  ;  or,  tfa  round  bod^  roll  down  an  tn- 
cUned  plane,  and,  by  itsjriction,  be  hindered  from  slidinfi,  the  mace 
it  describes  in  any  time,  is  to  the  space  described  by  a  locly  shdimg 
down  freely  without  friction,  as  SC  to  SO. 

For  the  forces  that  generate  their  motions  are  both  decreased, 
in  the  same  ratio,  that  is,  as  the  absolute  grarity  to  the  relatiye 
gravity  upon  the  plane ;  therefore,  the  spaces  described  will  remain 
in  th^  same  ratio  of  SC  to  SO.  And  in  the  rolling  body,  the  fric- 
tion supplies  the  place  of  the  cord,  the  same  as  if  it  had  teeth. 

Cor,  3.  3^ motionqfthe  body  DE  by  rotation,  is  a  motion  uni- 
forwdy  acc^erated;  and  the  tension  of  the  cord  is  alwmfs  the  same, 
through  the  whole  descent. 

Scholium.— (Pi^.  10.  PI.  WHJ.)  Let  W  =:  weight  otf  a  body, 
S  z=  space  described  by  a  body  felling  freely.  Then  the  spaces 
described  by  rotation  or  whirling,  in  the  following  bodies,  as 
SBF,  in  the  same  time,  are, 

1.  In  the  circumference  of  a  circle,  SBF,  or  surface  of  a  cylin- 
der, space  :=:  i  S ;  tension  of  the  litring  :=  i  W. 

2.  In  the  circumference  of  a  drcle,  SBF,  without  weight, 
and  the  weight  be  in  the  centre  C ;  space  =  S,  tension  of  the 
^ring  zr  0. 

3.  In  the  plane  of  circle  SBF,  or  a  cylinder^  space  =  |  S,  and 
the  tension  of  the  string  AS  :=  |  W. 

4.  In  the  surface  of  a  sphere  SBF,  space  :=  |  S,  and  the  ten- 
sion of  the  string  AS  =  J  W . 

2.  In  a  sphere  SBF,  space  :=  f  S,  and  tension  of  the  thread 
=  fW. 
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SECTION    SEVENTH. 

THE  QUANTITY  AND  DIRECTION  OF  THE 
PRESSURE  OF  BEAMS  OF  TIMBER,  BY  ANY 
WEIGHTS,  AND  THE  FORCES  NECESSARY  TO 
SUSTAIN  THEM. 


PROP.  LXII.  {FigA.  PL  IX.) 
If  a  beam  of  timber  be  supported  at  C  and  B,  lying  upon 

THE  WALL  ACE,  WITH  ONE  END.  AnD  IF  G  BE  THE  CENTRE 
OF  GRAVITY  OF  THE  WHOLE  WEIGHT  SUSTAINED;  AND  THE  LINE 
FGH  BE  DRAWN  PERPENDICULAR  TO  THE  HORIZON,  AND  CF 
AND  BH  TO  CB,  AND  BF  DRAWN  ;   I  SAY, 

THE  WEIGHT  OF  THE  WHOLE  BODY    -\  FH 
PRESSURE  AT  THE  TOP  C  I  BH 

THRUST  OR  PRESSURE  AT  THE  BASE  ^FB,  AND    IH   THESE  8E- 
B,   ARE,  RESPECTIVELY,  AS  J        VERAL  DIRECTIONS. 

If  the  beam  support  any  weight,  the  beam  and  weight  must  be 
considered  as  one  body,  whose  centre  of  gravity  is  G.    Ilien. 
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the  end  C  is  nipported  hy  the  plane  BCE;  and  (hy  Cor.  3.  Prop. 
Lni.}  the  other  end  B  m^  be  snppofed  to  be  mfcained  hj  a 
plane  perpendieniar  to  Br  j  therefore  (by  Cor.  1.  Prop.  Ill  I.) 
the  weight  and  forces  at  C  and  B,  are,  respectively,  at  FH,  BH, 
and  BF. 

\  Cor,  1.  Produce  fB  towardiQ,  thenBQis  tke  dktctiom  oftke 
iprtuure  at  B;  and  theprc$mre$  atB  m  directiom  BQ,  FD,  DB, 
are  a$  FB,  FD,  DB. 

Cor.  2.  Draw  Dr  perpendicular  to  BC,  and  draw  CD.  neH 
tke  weighty  preaure  at  the  topy  direct  pretture  at  bottom^  and  hor^ 
umtal  presntre  at  bottom^  are,  reipectinehf,  at  CB,  BD,  DC,  and 
Dr. 

For  since  the  angles  BCF,  BDF  are  right ;  a  circle  described 
upon  the  diameter  BF,  ¥rill  pass  throui^h  C,  D.  Therefore  /. 
BCD  =  BFD  standing  on  the  same  arch  BD.  And  because  the 
Z.GBH  and  the  angles  at  D  are  righ^  BHF  =  CBD ;  therefore 
the  triangles  FHB  and  CBD  are  similar,  and  the  fignr^  BHDF 
similar  to  the  fiRtire,  DBrC,  whence  FH  :  BH  :  BF  :  BD  : :  are 
as  CD  :  BD  :  DC  :  and  Dr. 

Cor.  3.  AU  this  holds  true  for  an^  force  inttead  ofgravity,  acting 
m  direction  GD. 

PROP.  LXni.  ( J%.  2.  PL  IX.) 

If  BC  BB  ANT  BBAM,  BEABIVO  ANT  WBIOHT,  6  THE  CBNTBE  Of 

OBAVITY  OF  THE  WHOLE;   AND  IF    IT    LEAN    AGAINST  THE  PBR- 

PENDICT7LAR.WALL  CA,  AND  BE  SUPPORTED  IN  THAT  POSITION, 

DRAW  BA,  C  F  PARALLEL,  AND  FGD  PERPENDICULAR  TO  THB 

HORIZON,  AND  DRAW  FB  ;  THEN 

THE  WHOLE  WEIGHT 

PRESSURE   AT  THE  TOP  C 

THRUST  OR  PRESSURE  AT  THE  BOTTOM  k  ¥0,     AND    IN    THB 

B  ARE,  RESPECTIVELT,   AS  ^     SAME  DIRECTIONS- 

For  the  end  C  is  sustained  by  the  plane  AC ;  and  if  the  end  B 
be  supposed  to  be  sustained  by  a  plane  perpendicular  to  FB; 
then  Qty  Cor.  1.  Prop.  LIII.)  the  weight,  and  pressure  at  top  and 
bottom,  are  as  DF,  DB,  FB.  If  you  suppose  the  end  B  is  not 
sustained  by  a  plane  perpendicular  to  FB,  the  body  will  not  be 
supported  at  all,  by  Cat,  2.  Prop.  LIII. 

Cor.  1.  If  FB  he  produced  to  Q,  then  BQ  it  the  direction  of  the 
pretaare  at  B ;  and  Ae  perpendicular  pretture  at  B  (FD)  it  equal  to 
Uie  weight;  and  the  horizontal  pretture  at  B  (BD),  it  equal  to  the 
pretture  a^dntt  C. 
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PROP.  LXIV.  {Fig,  3.  PL  IX.) 

If  a  fiEAVT  BEAM, OB  ONE  BEABIN6  A  WEIGHT,  BE  SUSTAINED  AT 
C,  AND  MOVEABLE  ABOUT  A  POINT  O;  WHILST  THE  OTHEB  END 
B  LIES  UPON  THE  WALL  BE;  AND  IF  HGF  BE  DBAWV 
THROUGH  THE  CENTRE  OF  GRAVITY  G,  PERPENDICULAR  TO 
THE  HORIZON,  AND  BF,  CH  PERPENDICULAR  TO  BC,  AND  CF 
BE  I>RAWN  ;    THEN 

THE  WHOLE  WEIGHT  ^  HF 

PRESSURE  AT  B  f  HC 

^ORCE  ACTING  AT    C,  4^  CF,  . 

ARE,  RESPECTIVELY,   AS    J        AND  IN  THESE  DIRECTIONS. 

•  For  the  end  B  ^is  sustained  by  the  plane  CB,  and  (by  Cor.  2, 
Prop.  LIII.)  the  end  C  may  be  supposed  to  be  sustained  by  a 
plane  perpendicular  to  FC,  or  by  a  cord  in  direction  CF.  Then 
since  HC  is  parallel  to  BF,  the  weight,  force  at  C,pressure  at  1^ 
are,  respectively,  as  HF,  CF,  HC;  by  Cor.  1.  Prop.UL,  or 
Cor.  1.  Prop.  LIII. 

Cor,  But  if,  initead  of  lying  upon  the  inclined  plane  at  B,  the  end 
B  laid  upon  the  horizontal  plane  AB,  then  the  weight,  the  pressure 
at  B  and  C,  are,  respectively,  as  BC,  GC,  and  BG ;  and  in  this  oase 
there  is  no  lateral  pressure. 

For  BF  will  be  perpendicular  to  BA,  and  parallel  to  HF,  and, 
consequently,  CF  is,  also,  parallel  to  HF ;  tnerefore  (by  Cor.  5. 
Prop  XIX.)  the  forces  at  C,  G,  B,  are  as  BG,  BC,  and  CG. 

PROP.  LXV.  {Fig.  4.  FL IX.) 

If  a  heavy  bea,m  BC,  whose  centre  of  gravity  is  G,  be  sup- 
ported UPON  TWO  POSTS  BA,  CD ;  and  be  moveable  about 
the  points,  a,  B,  C,  D  ;  and  if  AB,  DC,  produced,  meet 
in  any  point  H,  of  the  line  GF,  drawn  perpendicular 
TO  the  horizon  ;  and  if,  from  any  point  F,  in  the  line 
GF,  F£  be  drawn  parallel  to.  AB;  I  say, 

THE  whole  weight 

pressure  at  C 

THRUST  OR  pressure  AT  B, 

ARE,  RESPECTIVELY,  AS     ^        AND  IN  THESE  DIRECTIOKS. 

For  the  points  A,  B,  C,  D,  being  in  a  plane  perpendicular  to 
the  horizon,  the  body  may  be  supposed  to  be  supported  by  Iwo 
planes  at  B,  C,  perpendicular  to  AB,  DC ;  or  by  two  ropes  BH, 
CH.  And,  in  either  case,  the  weight  in  direction  HG,  the  pres- 
sure at  B,  C,  in  directions  HB,  HC,  are  as  HF,  EF,  sod  HE. 
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Car,  Hence,  whether  a  bodjf  be  mttmned  by  two  ropes  BH,  CH, 
or  by  two  post*  AB,  CD,  orby  two  planes  perpemiicular  to  BA, 
CD;  the  body  then  can  only  be  at  rest,  when  the  plumb  line  UGF 
passes  through  G,  the  centre  qfgravihf  of  the  whole  weight  sustained. 
Or,  which  is  the  same  thing,  when  AB,  DO  intersect  m  the  plumb 
line  HG¥  passing  through  the  centre  of  gravity, 

ScHOLiTTM. — ^By  the  construetioxi  of  these  lour  last  proposi- 
tions, t&ere  is  formed  the  triangle  of  pressure,  representing 
the  several  forces.  In  which,  the  Ime  of  gravity  (or  plumb  line 
passing  throngh  the  centre  of  gravity)  always  represents  tiie 
absolute  weight,  and  the  other  sides  the  corresponding  pres- 
sures. 


PROP,  LXVI.  iFig,  5.  PL  K.) 
If  several  beams  AB,  BC,  CD,  &c.  be  joined  togetbeii  at 

B,  C,  D,  &C.,  AND  MOVEABLE  ABOUT  THE  POINTS  A,  B,  C,  &C. 
BE  PLi^SD  tV  A  VERTICAL  PLANE,  THE  POINTS  A,  F,  BEING 
FIXED,  AND  THROUGH  B,  C,  D,  DRAWING  H,  Sm,  tp,  PERPENDI- 
CrLAB  TO  THE  HORIZON  ;  AND,  IF  SEVERAL  WEIGHTS  B£ 
LAID    ON    THE    ANGLES    B,  C,  D,  &C.,  SO  THAT  THE  WEIGHT  ON 

^  S.BCD  ^ 

ANY  ANGLE    C  MAY    BE  AS  — — r-— — r-—..         THEN      ALL 

S.WlCB    X    S.»lCD 
THE       BEAMS      WILL     BE       KEPT      IN     EQVILIBRIO     BY     THESE 
WEIGHTS. 

Produce  DC  to  r.  Then  (by  Cor.  2.  Prop.  VIII.)  S.  /.ABC  : 

S.iiABr  : :  weight  B  :  force  in  direction  BC  =^i^f^f^;  and 

S.ABC 

S.BCD  :  S.DC«  ::  weight :  force  in  direction  CB=:  £^i|^^; 

S.BCD 

whi<^,  to  preserve  the  equilibrium,  must  be  equal  to  the  force  in 

'  t -1— — —  ;    '         .  And,  by  the  same  way  of  reasoning,  C  :  D :  I 

S.ADr      S.DCs 
S.BCD    S.CDE 
^BCT  •   SED/'    ^®'®^'^^»  ®*  ^^^'  weight  B  :  weight  D: : 

'SABC   *    ^      S.CDE       ,,       S.ABC  S.CDE 

S.ABrxS.BC«'s.DC«xS.EDr  •S.ABtxSrCBi*  S.CDpxS.EDp 

Cor,  1.  Produce  CD,  so  that  Tho  may.  be  equal  to  Gr,  and  draw 
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tox  parallel  to  Dp,  cutHng  DE  in  x.  Then  the  weight  C,  the  forces 
in  (Mrections  CB  and  CD,  are  as  rB,  CB  and  Cr  retpectivefy.  And 
weight  C  is  to  the  weight  D,  as  Br  to  wx. 

Cor,  2.  The  force  or  thrust  at  C,  in  direction  CB,  or  at'B,  tiiiii- 
rection  BC,  is  as  the  secant  of  the  elevation  of  the  line  BC  above  the 
horizon. 

For,  force  in  direction  CB  :  force  in  direction  CD  : :  CB  : 
Cr  : :  S.CrB  or  rCm  or  «CD  :  S.  rBC  :  I  cosine  elevation  of  CD  : 
cosine  elevation  of   CB  ::    secant  elevation  of  CB   :  secant 
elevation    CD;    because    the  secants  are,  reciprocally,  as    the 
cosines. 

Cor,  3.  Draw  Cp,  Dm  parallel  to  DE,  CB ;  then  the  weights  an 
C  and  D  to  preserve  the  equilibritan,  will  be  as  Cm  to  Dp.  Aftd, 
therefore,  if  all  tfie  weights  are  given,  and  the  position  of  two  UncM 
CD,  DE;  then  the  positions  of  all  tlie  rest  CB,  BA,&e.  will  be 


For,  let  the  force  in  direction  CD  or  DC  be  CD,  then  Cp  is 
the  force  in  direction  DE,  and  Dm,  in  Direction  CB.  And  "Dp 
or  the  weight  D,  is  the  force  compounded  of  DC,  Cp ;  and  Cm  or 
the  weight  C  is  the  force  compounded  of  CD,  Dm,  by  Cor.  2. 
Prop.yn. 

Cor,  4.  If  the  weights  lie  not  on  the  angles  B,  C,  D,  &e.  let 
the  places  of  their  centres  of  gravity  he  atg,h,k,L  And  let  g^ 
h,  k,  /,  also  express  their  weights.     And  tdce  the  weight  B=: 

A^  I  ^C  ,  ^  ^Bh  ,  ,  &D  J.  -n^Ck  K  ,  /E  ,  -  ,il  u 
r^^  +  ^zT^K  C ^z,,—  h  +  --j-«,  D= -_«  +  —-L  &c.;  then B, 
AB®      BC  '         BC        CD  CD        DE 

C,  D,  &c.  wiU  he  the  weights  lying  upon  the  respective  angles. 

This  is  evident  by  Cor.  5.  Prop.  XIX. 

Cor.  5  If  the  weights  were  to  act  upwards,  in  the  directions  wC^ 
pDi  &c.  or,  which  is  the  same  thing,  if  the  figure  A,  B,  C,  D,  E,  F, 
was  turned  upside  down,  and  the  weights  remain  the  same,  and  the 
points  A,  V  he  fixed  as  before;  aU  the  angles  at  B,  C,  D,  &c. 
and,  consequently,  the  whots figure  will  remain  the  same  as  before  ; 
and  that,  whether  the  lines  AB,  BC,  CD,  &c.  be  flexible  or  infiexh- 
ble  cords  or  timbers. 

This  will  easily  appear  by  the  demonstration  pf  the  Prop. 
For  the  ratio  of  Uie  forces  at  any  angle  C,  will  be  the  same, 
whether  they  act'  towards  the  point  C,  or  from  it ;  by  Prop.  Vin. 
that  is,  it  will  be  the  same  thing  whether  the  weight  at  any 
angle  C,  acts  in  direction  Cm  or  Cs.    And  as  the  forces  were 
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supposed  before  to  thrust  against  C,  the  same  forces  oow  do  pull 
from  it. 

Scholium.— (Fi^  6.  P/.  DC.)  If  DABF  be  a  semicircle, 
whose  diameter  is  DF  ;  draw  AG  perpendicular  to  DF  ;  then 
the  force  or  weight  at  any  place  A,  to  preserve  the  equilibrium, 
will  be,  redprocally,  as  AG*,  or  directly  as  the  cube  of  the  secant 
of  the  arch  BA. 

Likewise  it  follows  from  Cor.  5.  that  if  any  cords  of  equal 
lengths  be  stretched  to  the  same  degree  of  curvature,  the  stretch- 
ing forces  will  be  as  the  weights  of  the  cords. 


A] 
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SECTION  EIGHTH. 

THE  STRENGTH  OF  BEAMS  OF  TIMBER  IN  ALL 
POSITIONS,  AND  THEIR  STRESS  BY  ANY 
WEIGHTS  ACTING  UPON  THEM,  OR  BY  ANY 
FORCES  APPLIED  TO  THEM. 


PROP.  LXVII.    (Fig.  7.  PL  IX.) 

The  lateral  strength  of  any  piece  of  timber  in  any  place, 
whose  section  is  a  rectangle,  is  directly  as  the  breadth 
and  square  of  the  depth. 

Let  BD  be  any  beam,  placed  horizontally,  and  fixed  at  the  end 
BC.  And  let  AFG  be  the  perpendicular  section.  Divide  the  depth 
AF  into  an  infinite  number  of  equal  parts  at  a,  b,  c,  d,  &c.  whose 
number  is  AF  or  n ;  through  which,  suppose  lines  drawn  pa- 
rallel to  FG.  And  let  any  force  be  applied  at  P  in  direction 
DP,  to  break  the  beam  at  AF ;  then,  since  the  strength  of  the 
timber  is  nothing  but  the  force  by  which  the  parts  of  die  timber 
at  0,  6,  c,  &c.  cohere  together;  the  breaking  the  timber  is 
nothing  but  overcoming  this  force,  and  separating  the  parts 
at  a,  6,  6.    Suppose  1  =i  force  of  cohesion  or  any  of  the  parts 
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Aa,  ab,  hcj  &c.  and  imagine  QAa,  QA6,  QAc,  &c.  so  manv 
bended  levers  whose  fulcrum  is  at  A ;  and  let  us  see  what  will 
be  the  sum  of  all  the  forces  applied  at  0  to  break  the  timber 
at  A,  Nowy  (by  Cor.  t.  Prop.XlX)  the  power  applied  at  Q  to 
equal  or  overcome  the  resistances  at  A,  a,  h,  e,  &c.  will  be 

o         Ao,         A6  Ac       Ad     -  ^    .       AF  .    ...    .     ^. 

— -— ,  — 12_,    ,      ,  ,  &c.  to   — --  ;   that  is   as 

AQ"     AQ'    ^55*       AQ^  AQ^  AQ 

-^  ^  ,  _!-,  -1^  ,  .  ,  JL^.  Therefore,  the  ef- 
feet  of  all  the  forces  applied  to  Q,  or  the  whole  strength  of  the 
beam  at  A,  wiU  be  —2- — ^ — --^^ -^      2A^ 

is,  because  AQ  is  given,  as  im  or  AF*.  Now,  if  the  breadth  FG 
be  increased  in  any  proportion,  it  is  evident  the  strength  of 
every  part  Ao,  ab,  &c.,  will  be  increased  in  the  same  pro* 
poition,  and,  therefore,  tiie  absolute  lateral  strength  will  be  as 
AF«  X  FG. 

Cor.  1 .  In  tquare  timber^  the  lateral  strength  is  Mi  the  cube  qftke 
breadth  or  depth. 

Cor,  2.  Andy  m  general,  the  lateral  Strength  of  any  pieces  oftittk- 
hery  whose  sections  are  simUar  Jigures,  are  as  the  cubes  of  the  similar 
tides  of  the  sectums.     " 

Cor.  3.  Arid  in  any  pieces  of  timher^whnse  sectiom  are  such  figures 
that  the  correspondent  ordinates,  paraliel  to  the  horixon,  are  propor- 
ttonalf  the  strengths  are  as  the  breadths  and  squares  of  the  depths , 
or  as  the  sections  multiplied  by  the  depths. 

Cor.  4.  (F^.  1 .  P/.  XI.)  The  strength  of  cylindrical  pieces,  or 
ofasttf  gimuar  pieces  tf  timber,  being  \fhrced  or  twisted  round  the 
fWy  will  also  be  as  the  cubes  of  the  diameters. 

For,  let  AD  z:  r,  circumference  of  the  section  DEFG  =:  c, 
Ap—  jT,  then  the  circumference  p^r  =  — ,  ^^^  »^  *^e  cohesion 
of  a  particle  atp  be  =  1  ;  then  the  force  applied  at  Q  to  over- 
come it,  will  be    ^    ;  and  the  force  applied  at  Q  to  overcome 

the  oohesrion  of  all  the  partsj  in  the  circumference  pyr,  will  be 

-iL-X  -f^,  or  — S — X  «x;  and  the  total  force  at  Q  to  over- 

AQ         r  rxAQ 

come  the  ooheaioa  of  all  the.  particles  in  the  whole  section  DEFG 

i8=:__i xsumofallthejrj:=:_£__xl'-h2*X3«+4«... 

rxAQ  ^       rxAQ 
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to  r»  =  * — £,      X  — —    Therefore,  because  AQ  is  giveo^  and 
rxAQ  3  '  ** 

the  ratio  — ,  and  this  force  is  the  strength  of  the  beam;  therefore 

the  strength  is  as  r*  or  AD«. 

Scholium.  ^Fig,  7.  PL  IX.)— What  is  here  said  of  timber 
is  true  of  any  homogeneous  bodies,  whatever  sort  of  matter  they  are 
of.  But  the  absolute  strength' of  any  beam,  lever,  rope,  &c.  when 
drawn  in  direction  of  its  length,  ^ill  be  as  the  section  of  it.  For 
.  every  part  does  in  this  case  bear  an  equal  stretch,  and  the  sum  of 
all  the  parts  is  equal  to  the  whole;  and  that  is  as  the  section. 

PROP.  LXVIII.  (Fig.  8.  PL  IX.) 
The  lateral  strength  of  a  tube  or  hollow  cane  AB,  to 

THAT  of  a  solid  ONE  CD,  IS  AS  THE  SECTION  OF  THE  TUBE  (SX- 
CLUDING  the  hollow,)  TO  THE  SECTION  OF  THE  SOLID  CAVE, 
AND  THE  WHOLE  DIAMETER  OF  THE  TUBE  TO  THE  DIAMETE&  OF 
THE   SOLID  CANE,  NEARLY.  * 

For,  (by  Cor.  2.  of  the  last  Prop.)  the  strength  of  the  solid 
cylinder  BF  is  AF',  and  the  strength  of  the  inner  solid  cylinder, 
whose  fulcrum  is  at  G,  is  EG*,  and  whose  fulcrum  isatF,  is 
greater  than  EG*,  and  less  than  EF»,  and  fs  nearly  EG4-iGF)* 
=  AF—  '^AE^*,  that  is  AF»^|AF»xAE  nearly.  Therefore, 
the  strength  of  t)ie  tube  AFIGE,  is  the  difference  of  the  strength 
of  tbesecylinders,thatis,  AF»— AF*+|AF«x  AEor  lAF'xAE. 
Likewise  the  strength  of  the  solid  cylinder  DCH,  is  CH».  There- 
fore the  strength  of  the  tube  FB  :  strength  of  the  cylinder  HD 
: :  g  AF«  x  AE  :  CH*.  But  the  section  of  the  tube  is  as  AF  — 
EG*  or  AF«— AF  —  2AE«  =:  4AF  x  AE  nearly.  Whence, 
strength  of  the  tube  FB  :  strength  of  the  cylinder  HD  ::  |AFx 
AE  :  CHxCH* ::  4AFxAKxiiAF  :  CH'xCH  ::  sectionof 
the  tube  x  1 J  its  diameter  :  section  of  the  cylinder  x  its  dianae- 
ter  : :  section  tube  x  diameter  :  section  cylinder  x  diameter, 
nearly. 

OtherwUe, 
Let  the  area  of  the  ring  AEGF  be  disposed  into  another  ring, 
whose  diameter  is  less  than  AF;  then,  smce  every  particle  of  it 
acts  at  a  less  distance  from  the  fulcruni  F,  its  strengm  will  be  less 
m  proportion;  that  is,  its  strength  will  be  as  the.  diameter  of 
the  ring.  And  when  the  ring  is  so  &r  diminished  as  to  become 
an  entire  circle,  the  proportion  of  their  strength  will  not  difier  fitr 

•  Ward's  Math.  Guide.  Put  V.  Lena.  3. 
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from  the  proportion  of  tbeir  diameters.'    Let  the  diameter  of  that 
circle  be  K  :  then,  strength  of  the  ring  or  tube  :  strength  of  an 
equal  circle  : :  AF  :  R.    Apd  the  strength  of  R  :  to  that  of  CH 
::R»  :  GH».     Therefore,  ex  equo,  strength  of  the  tube  BF  : 
strength  of  the  cylinder  HD  ::  AFxR*  :  RxCH»::AFxR«  : 
CHxCH«: :  AFx  area  ring  ;  CH  x  area  of  the  circle  CH. 

Cor,  Hence,  the  strength  of  different  tubes  areas  their  sections^ 
and  diameterSy  nearly. 

PROP.  LXIX.  (Pfg.-l.  FL  X.) 
If  any  force  be  applied  laterally  to  a  lever  or  beam,  the 
stress  upon  any  place  is  directly  as  the  force  and  its 
distance  from  that  place. 

For,  suppose  PAF  to  be  a  bended  leyer ;  it  is  evident  the 
greater  the  power  at  P,  the  greater  force  is  applied  at  F  to  sepa- 
rate the  parts  of  the  wood.  Also,  the  greater  the  distance  AP, 
the  greater  power  has  any  given  force  applied  at  P,  to  overcome 
the  cohesion  of  the  wood  at  F.  And,  therefore,  the  whole  strtet 
depends  on  both. 

Cor.  1.  (Fig.  2.  PI.  10.)  If  two  equal  weights  lie  upon  the  middU 
of  two  beams,  or  upon  any  other  similar  pkues,  the  stress  in  these 
planes  will  be  as  the  lengths  of  the  beams. 

For,  if  C  be  the  middle  point,  then  A  bears  half  the  weight ; 
therefore,  the  stress  at  C  is  as  ACx  J  weight.  And,  because  half 
the  weight,  or  the  force  acting  at  A  is  given;  therefore,  the  stress 
is  as  AC  or  half  AB,  and,  therefore,  as  AB.  And  if  C  be  in 
&ny  other  similar  situation  in  both  beams,  the  same  thing  will 
follow. 

Cor.  2.  If  two  beams  bear  two  weights  proportional  to  their 
length.%  and  in  a  like  situation,  the  stress  upon  each  wiU  he  as  the 
iquare  of  its  length. 

Cor,  3.  And  if  two  beams  bear  two  weights  redprocalfy  as  their 
t^ths,  in  a  similar  situation,  the  stress  where  the  weights  lie,  is 
equal  in  both. 

PROP.  LXX.     iFig.  3.  PI,  X,) 
Let  AB  be  any  beam  of  a  given  length,  supported  at  A  and 

B,  AND  ANY  given  WEIGHT  EITHER  SUSPENDED  AT  ANY  POINT 

C,  OR  3EQUALLY  DIFFUSED  THROUGH  THE  WHOLE  LElf OTH  OP 
THE  BEAM  AB;  I  SAY,  IN  EITHER  CASE,  THE 'STRESS  OF  THE 
BEAM  IN  C,  IS  AS  THE  RECTANGtE  AC  X  CB. 

Case  I. 

•  'Let  the  given  weight  be  represented  by  the  given  length  of  ihe 
lever  AB»  Then  (by  Cor.  5.  Prop.  XIX.)  the  weight  at  A,  and 
tbe  re-action  equal  thereto,  will  be  CB.    And,  by  the  last  Prop., 
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the  stress  at  C  will  be  as  the  foTce  acting  at  A  X  distance  AG, 
that  is,  AC  x  CB. 

CASfi  II. 
Let  AB  be  divided  into  ag  infinite  number  n  of  equal  par^, 
each  =  1 .    Then,  as  AB  irepreseuts  the  whole  weight,  1  will  be 
the  weight  supported  upon  1  part  of  the  beam,  let  it  rest  at  p ; 

then  -^r:  its  pressure  on  B.    Therefore,  (by  the  last  Prop.)  tlie 

stress  at  p  is  ^^><JP!L;  and  the  stress  at  C  is  ^^1^    ""'^""^f 

AB  ^^    ^       . . 

from  the  weight  at;?.    Consequently,  the  stress  at  C  arising 
from  the  sum  of  all  the  weights  between  A  and  C,  will   be 

0+14-2+3  .  .  .  AC       g^    ^^  .    njggause  AG  is  the  number 
AB  ^        ^  fK 

of  them)  AC'xBC     ^^^^  ^y  ^  ^^^  reasoning,  the  stress  at  C, 

2AB 
arising  from  the  whole  weight  between  B  and  C,    will    be 

CB«   X  AC        Consequently,    the    whole    stress    at    C     is 
2AB  ^^     ^„ 

AC«xBC-fCB«xAC-AC+CBvArvrtt>^:^^j<gg:. 

"  2AB"  2AB  2 

Cor,  1.  The  greatest  stress  of  abeam  is  in  the  middle;  the  weight 
being  either  suspended  there,  or  equally  disposed  over  the  whole 
length  of  the  beam. 

Cor,  2..  The  stress  of  the  beam  at  any  point  Pfby  a  weight  t^ 
plied  to  any  other  point  C,is  asApx  CB. 

For,  AGxCB  is  the  stress  at  C,  and  (by  Prop,  last)  ApXCB 
will  be  the  stress  at  p. 

Cor,  3.  The  stress  of  the  beam  at  any  point  C,  by  a  weight  «»- 
pentkd  tliere,  is  dindfle  the  stress  of  the  beam  at  the  same  point 
C,  by.  the  same  weight  pressing  uniformly  on-  all  parts  of  the 
beam. 

For, by  Case  I.,  the  stress  at  C  is  AC  X  CB;  and,  by  Case II., the 

stress  at.  C  is  J^£^i25. 
2 

Cor.  4.  The  stress  of  a  beam  at  any  point  C,  by  a  weight  ««- 
pended  t/tere^  is  double  to  the  stress  at  C,  when  the  same  weight  is 
uniformly  c^persed  atiidl  the  parts  of  AG, 

Cor,  5.  If  a  weight  press  eqtudly  on  all  the  parts  qfpCy  the  stress 
at  C,  by  thtUpresgure,  is  to  the  stress  at  C,  when  suspended atC  \ I 
as  Ap-^AC  to  2AC. 
^  For  0)y  Cor.  2.)  the  stress  at  C,  by  the  weight  1  lying  at  p^  is 
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ApxCB,  and  at  C,  is  AC  X  CB.    Tberefbro,  tJie  whole  stress  at 

C,  by  die  whole  weight  on  all  the  points  of  ^,  in  the  sum  of 

all  the  Ap  xCB=:  Ap  + Ap  +  1  4-  A^2.  .  .AC:  XCB=: 

Ad+AC 

--^-~ XpC X CB.    But  the  stressofthe  whole  weight  at  C,  is 

AG  X  CB  X  pC,  an4  the  former  is  to  the  latter  as   ^-^ 

to  AC. 

Cor,  6,  IfaweightprasequBlfyomaUtkeparUqfApftkettresf 
at  ai^poini  C  by  that  weighty  is  to  the  ttren  at  C  ijf  napended 
tftere  ::  as  Ap  to  2AC. 

For  the  stress  at  C  by  all  the  weight  on  Ap,  is  0  4-  1  +  2  .  .  . 
Apx CB  =  :^x  CB.    And  the  stress  by  the  weight  Ap  at  C  is 

AGxCBxAp. 

Cor,  7,  The  stress  at'p,  hy  a  vteight  at  C,  is  equal  to  the  stress  at 
C^  by  the  same  weight  atp, 

PROP.  LXXI.  (Tig.  4.  P/.X.) 

If  CD  BE  A  PROMINENT  BEAU,  FIXED  HORIZONTALLY  AT  THE  EKD 
C,  AS  YS  A  wall;  and  if  a  WEIGHT  PROPORTIONAL  TO  THE 
LENGTH  OF  THE  BEAV^  BE  DISPERSED  UNIFORMLY  ON  ALL  THE 
P4RT3  OF  THE  BEAM;  THE  STRESS  AT  ANY  POINT  F,  WILL  BE  AS 
I)F%  THe  SQUARE  OF  THE  DISTANCE  FROM  THE  EXTREMITY. 

For,  let  FD  be  divided  into  an  infinite  number  of  equal  parts 
^^Pi  9i  ^9  s,  &c.,  and  let  each  be  :^  1-,  and  sustain  the  weight  1. ; 
thfiii  (by  Prop.  LXIX.)  the  stress  at  F,  by  the  weights  at  ¥,p,  q,  r, 
&C-,  will  be  1 X  0, 1 X  Fp,  1  x  Fy,  &c.  or  as  0, 1, 5, 3,  &c.,  respec^ 
tively :  therefore,  the  whole  stress  at  C  will  be  0+1+2+3  .  . . 

2 
Cor.  1.  Hencef  the  stress  at  ¥,  by  my  weight  suspended  at  D, 
^iU  he  double  the  stress  at  the  same  pomt  F,  when  the  same  weight 
presses  unifdrmly  on  all  the  parts  between  F  and  D. 

Pot,  (by  Piop.LXIX.)  the  stress  at  F  by  the  weight  DF,  is 
J^FxDF,  or  FD% 

Cor.  2.  T/ie  stress  at  the  end  BC,  by  the  weight  P,  is  the  same  as 
the  stress  vpon  the  middle  ofaheam  oftwitt  the  length  DC,  wkh 
^ice  the  weight  P  laid  on  its  middle,,  this  beam  being  supported  at- 
hotk  ends. 

For.&e  stress  now  at  Cy  is  the.sakno  as  if  DC  was  coiitinued 
to  the  same  length  beyond  CySOMi'  a  weight  equal-  toP  suss*. 
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pended  at  the  end ;  and  then  the  fiilcram  C  will  be  acted  on  with 
twice  the  weight  P.  And  this  is  the  same  as  if  the  beam  was 
turned  upside  down,  and  Iwice  the  weight  P  laid  on  the  mid- 
dle C. 

PROP.  LXXII.  iFigurei  5  and  6.  PL  X.) 

If  there  be  two  beams  standing  a  slop^e,  and  bearing  two 
weights  upon  them,  either  in  the  middle,  or  in  ant 
given  situation,  or  equally  diffused  over  the  whole 
length  of  the  beams  ;  the  stress  upon  them  will  be  di- 
rectly as  the  weights,  and  the  lengths,  and  the  cosines 
of  elevation. 

.  For  (by  Cor.  1 .  Prop.  XXXI.)  the  weight  is  to  the  pressure 
upon  the  plane,  as  radius  to  the  cosine  of  elevation.  Therefore, 
the  pressure  is  as  cosine  elevation  x  weight ;  and  this  is  the  force 
acting  against  the  beam.  Therefore,  (by  Prop.  IXVIII.)  the 
stress  will  be  as  its  length  and  this  force ;  that  is,  as  the  length, 
the  weight,  and  cosine  elevation. 

Cor,  1,  If  the  weights  and  length  of  the  beams  be  the  same,  the 
stress  will  be  as  tJte  cosine  of  ekvatUm,  and,  therefore,  greatest  when 
it  lies  horizontaL 

Cor,  2.  If  the  beams  lie  horizontal,  or  at  any  equal  inclinations, 
and  the  weight  be  as  tlie  length,  then  the  stress  is  as  the  square  of  the 
length. 

Cor.  3.  (Fig.  5.  PI.  X.)  If  the  weights  are  equal,  an  the  hori- 
zontal beam  Afi,  and  the  incuned  one  AC,  and  BC  be  perpendicular 
to  AB;  then  the  stress  will  b^  equal  upon  both. 

For  the  length  x  cosine  elevation  ii  the  same  in  both,  or  ACx 
cosine  A  :=  B  x  radius. 

Cor.  4.  Bui  if  the  weights  on  the  same  beams  be  as  their  lengths, 
then  the  stress  wUl  also  be  as  their  lengths,  AB  and  AC. 

Cor,  5.  rPig.  3.  PI.  X.)  And,  universally,  the  stress  iqnm  at^ 
point  of  a  sloping  beam,  is  as  the  rectangle  of  the  segments,  and  the 
weight,  and  cosine  tndmation  directly,  and  *the  length  of  the  beam 
reciprocally. 

For,  in  the  horicontal  beam  AB,  if  ihe  weight  W  lie  upon  C, 

the  pressure  at  A  will  be  --— -  x,W.    And  (by  Prop.  LXIX.) 

this  pressure  or  force  x  distance  AC,  will  be  as  the  stress  at  C: 

AC  X  CB 
thatis,  — ^ — X  W  is  as  the  stress  at  C.    And  if  the  beam  lie 
Ad 

a  slope,  the  stress  (by  Cor.  1.  Prop.  XXXI.)  will  then  vary  in 
proporiion  to  thecosine  eleiratioa. 
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PROP.  Lxxni. 

If  AKY  BEAM  OF  TIMBER  BE  TO  SUPPORT  ANT  WEIGHT,  OR  PRESSURB, 
OB  FOBCE,  ACTING  LATERALLY  UPON  IT,  THE  BREADTH  MULTI- 
PLIED BT  THE  SQUARE  OF  TBE  DEPTH,  OR  IN  SIMILAR  SECTIONS, 
THE  CUBE  OF  THE  DIAMETER,  IN  EVERT  PLACE,  OUGHT  TO  BR 
PROPORTIONAL  TO  THE  LENGTH  MULTIPLIED  BY  THE  WRIGHT 
OR  FORCE  ACTING  ON  IT,  OR  AS  THE  STRESS  IN  THAT  PLACE. 
And  THE  SAME  IS  TRUE  OF  SEVERAL  DIFFERENT  PIECES  OP 
TlMBEk  COMPARED  TOGETHER. 

For  every  several  piece  of  timber,  as  well  as  every  part  of  the 
same  timber  or  beam,  ought  to  have  its  strength*  proportioned  to 
the  weight,  force,  or  pressure  it  is  to  sustain.  And,  tnerefore,  the 
strength  ought  to  be  anirersally  as  the  streu  upon  it.  But  (by* 
Prop.  LXVII.)  the  strength  is  as  the  breadth  x  square  of  the 
depth.  And  (by  Prop.  LXIX.)  the  stress  is  as  the  weight  or  force 
X  by  the  distance  it  acts  at.  And,  therefore,  these  must  be  in 
an  invariable  ratio. 

Cor.  1.  (Fig.  8.  PI.  X.)  JjTAEB  be  a  larommefU  beam  fixed  at 
the  end  AC,  mid  sustaining  a  weiahi  at  tie  other  end  B.  And  jf 
the  sections  in  all  places  be  nmilar  figures,  and  CD  be  the  diameter  m 
aw/ place  C,  then  CB  will  be  every  where  as  CD*.  And  t^ACB 
be  a  right  line,  EDB  wiU  be  a  cubic  parabola.  Therefore  \  of  such 
a  beam  nun/  be  cut  away  without  any  diminution  of  the  strength. 

But  if  the  beam  be  bounded  by  two  parallel  planes,  perpen^cuktr 
to  the  iorizon,  then  CBwiUbeas  CD;  aud  then  EDB  will  be  the 
common  parabola.  Whence,  a  third  part  of  a  beam  mmf  be  thus  cut 
away. 

Cor.  2.  (Fig.  8.  PI.  X.)  But  if  a  weight  press  uniformly  on 
every  part  of  AB,  and  the  sections  in  all  points  at  C,  be  similar  ;  then 
BC*  will  be  every  where  as  CD*,  and  EDB  a  semi-cubical  para-' 
bola. 

But  if  the  beam  (Fig.  7.  PI.  X.)be1)ounded  by  parallel  planes,  per- 
pendicuiar  to  the  horizon,  then  BC  wiU  be  as  CU,andEuB  a  right 
I'me.  Here  half  a  beam  may  be  cut  away  without  losing  arty  strength. 

Cor.  3.  (Fig.  10.  PI.  X.)  If  Ah  be  a  beam  supported  at  both 
ends,  and  if  it  bear  a  weight  in  any  variable  point  C,  or  uniformly 
^JfoU  the  parts  of  it;  and  if  all  the  sections  be  similar  figures,  and 
CD  be  the  diameter  in  that  place  C;  then  will  CD*  be  every  witere 
«AC  X  CB. 

But  if  it  be  bounded  by  two  parallel  planes,  perpendicular  to -the 
horizon,  then  will  CD*  be  every  where  <u  AC  X  CB,  and,  therefore, 
the  curve  ADB  is  an  ellipsis,  stq^sing  AB  a  right  line. 

Cor.  4.  (Fig.  11.  PI.  X.)  But  if  a  weight  be  placed  at  any  fiven 
point  P,  and  aU  sections  are  similar  figures,  and  if  CD  be  any  dwane^ 
^er,thenwillBC  be  asQD^and  aQ  and  BQm-e  two  cubic  para- 
bolas. 
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But  if  the  beam  be  bounded  by  two  parallel  planes,  perptmdiadar 
to  the  horizony  then  BC  is  as  CD%  and  AQ  and  BQ  are  two  com- 
fnon  parabolas. 

'  Cor.  5.  All  circular  plates,  whether  great  or  lUtle,  being  of  the 
same  matter  and  tkicknesSy  and  supported  all  roimd  on  the  edges,  will 
bear  equal  weights.  The  same  is  true  of  square  plates,  or  any  simi^ 
larones. 

For  let  AD,  ad,  (Fig.  2.  PL  XI.)  be  two  squares,  and  let 
them  first  he  only  supported  [at  the  ends  AB,  CD,  and  ab,  cd. 
Then,  by  this  Prop.,  (sifice  the  thickness  is  given)  AB  :  AC  X 
t?eight  on  AD  II  ab  I  ac  x  weight  on  ad,  and  weight  on  AD  : 

weight  on  od::  ^  :_^,but:^  =  ^,  therefore,  weigjit 

AC        ac  AC       ac 

on  AD  :=  weight  on  ad,  when  the  plates  are  only  supported  by 
AB,  CD,  and  ab,  cd.  And,  for  the  same  reason,  the  weights  wjU 
be  equal,  when  only  suppoi  ted  by  the  sides  AC,  BD,  and  ac,  bd. 
And,  consequently,  the  weights  will  still  be  equal,  when  the  plates 
are  suppdrted  by  adl  four  sides,  in  which  case,  twice  the  weight 
will  be  supported ;  and  the  same  holds  equally  true  of  all  similar 
figures.    For, 

Let  AD,  ad,  {Fig.  3.  PL  XI.)  be  two  hollow  circles;  draw  the 
inscribed  squares  ABCD,  abed;  these  squares  are  supported  upon 
the  four  sides  AB,  BD,  DC,  CA,  and  ab,  bd,  dc,  ca,  by  the  conti- 
nuity of  the  plates;  therefore,  the  weights  will  be  equal,  as  was 
proved  before.  And  that  the  continuity  of  the  plates  will  equally 
support  the  weights  in  both  circles  is  plain,  because  the  strength 
of  both  segments  AB,  ab,  are  equal,  the  length  being  as  die 
breadth. 

Cor.  6.  Hence  the  weiglit  a  square  plate  will  bear  I 
To  the  weight  which  a  bar  of  the  same  matter  and  thichness  will  bear  1 1 
As  twice  the  length  of  the  bar  ; 
To  its  breadth. 

And  a  circular  plate  is  but  very  little  weaker. 

Scholium.^— All  these  things  appear  from  the  foregoing  propo- 
sitions; but  it  is  here  supposed,  that  the  timber  is  homogeneous 
and  of  the  same  goodness,  otherwise  a  proper  allowance  must  be 
made  for  the  defect.  And  what  is  here  said  of  pieces  of  timber, 
holds  equally  true  of  any  other  solid  bodies,  such  s(s  pieces  of  me- 
tal, stone,  &c.  And  if  pieces  of  timber  or  metal  be  cut  into  the 
figures  mentioned  in  the  foregoing  corollaries,  all  the  parts  will 
be  disposed  to  break  together.  And  if  a  spring  is  to  be  made, 
its- shape  ought  to  be  as  in  Qor.  1.  and  then  every  part  vHU  bear 
ar  stress  proportional  to  its  strength. 
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PROP.  LXXIV.    {Fig  9.  PL  X.) 
If  a  weight  A  be  supported  upon  the  end  of  a  crooxbd 

PTECE  OF  TIMBER  ABD,  AND,  FROM  THE  ENDS,  A  LINE  AB  BB 
DRAWN  PERPENDICULAR  TO  THE  HORIZON,  AND  FROM  THE  AN- 
GLE By  THE  LINE  BC  PERPBNDICULAR  TO  AD  ;  THE  STRESS  AT 
B  WILL.  BE  AS  THE  PERPENDICULAR  BC. 

For,  as  the  weight  A  acts  DOt  in  direction  AB,  hut  in  direction 
AD,  therefore,  it  is  the  same  as  if  it  were  apptied  at  the  point  C ; 
bat  a  force  applied  at  C,  has  a  greater  power  to  break  toe  timber 
at  B,  in  proportion  as  the  lever  BC  is  longer.  This  foroe  there* 
fore,  or.the  stress  at  B,  is  as  BC. 

Cor.  1 .  (Fig.  4.  PI.  XI.)  Hence,  ifawf  iwoforcei  adkutjrom 
or  ageumt  oner  another,  at  the  ends  A,  F,  of  amf  crooked  beam 
ABDEFy  and  keep  one  another  in  tquiUbrio  ;  and  the  line  AF,  Or 
the  direction  of  the  forces  being  drawny  the  stress  at  amf  point  is  as 
the  perpendicular  upon  AS.  So  the  stress  at  b  is  be ;  at  B,  BC,  at 
D, DI ;  ««  £,  EK  ;  andat  6  andH,nothing. 

Cor,  2.  Hence,  also,  that  the  strength  in  'mnf  part  b,  mojf  beprO' 
portional  to  the  stress  there,  the  breadth  nmitMed  by  the  sqnars  of 
thedepth,  must  be  as  the  jperpendieular  be,  renaming  that  the  depti, 
which  is  in  the  plane  passmg  through  AF. 

'  .   PROP.  LXXV.    iFiguresSande.  FL  XL) 
Having  the  length  AB  and  weight  W,  of  a  cylinder  or 

PRISM,  THAT  CAN  JUST  SUPPORT  THE  WEIGHT  P  AT  THE  END, 
TO  FIND  THE  LENGTH  OF  ANOTHER  BEAM  FG,  SIMILAR  TO  THE 
FORMER,  AND  OF  THE  SAME  MATTER,  THAT  WILL  JUST  BREAK 
WITH  ITS  OWN  WEIGHT,  OR  ONLY  SUPPORT  ITSELF. 

Since  the  weights  of  similar  solids  of  the  same  matter  are 

as  the  cubes  of  the  lengths,  it  will  be,  AB» ;  W  : ;  FG*  :   -^ 

AB» 
W=:  the  weight  of  the  beam  OH.  Then,  by  Cor.  2.  Prop.  LXVII. 
the  strength  of  the  beam  AB  is  AC*;  and  of  FG,  is  FH».  And 
by  Prop.  LXIX.  the  stress  at  A  is  i^+P  x  AB.  And  the  stiess 

«l  F W  X  FG.    And  since  the  beams  are  both  supposed 

2AB*  ^^ 

to  break  with  these  weights,  therefore  the  strength  must  be  as  the 

FG* 

stress;  that  is  J  W  +  Px AB  :  ^Xb*^  (' •^^'  •  ^^'^*  •^®*  - 

FG*xW  

FG».    Whence ^ ;=:  FG»x  AB  x    JW  4-P.  <^FG 

X  W  :^:  ABXW+2P.    Whence  W  :  W  +  2P  ::  AB  :  FG, 
the  length  required. 
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Cor.t.  J/'cW  — P.     rAcnFG  =  AB  Xl+2e. 

Cor,  2.  Hence,  there  is  one  and  only  one  beam,  that  will  just  break 
&y  its  own  weight,  or  just  sustain  itself. 

Cor.  3.  The  same  Prop,  will  likewise  hold  good,  in  regard  to  two 
beams  supported  at  both  ends  and  breaking  in  the  middle,  'by  Car*  3. 
Frop,  LXX. 

Cor.  4.  If  the  beam  FG  break  by  its  own  weight,  a  beam  of  tiijice 
the  length  o/*FG,  and  supporting  at  both  ends,  will  also  break  by  its 
-own  weight ;  or  if  one  sustain  itself,  the  other  will. 

For  the  stress  is  the  same  in  both  of  them,by.Oor.  3.  Prop. 
LXX.  and  Cor.  1.  Prop.  LXXI.  each  of  them  being  equal  to  the 
stress  of  a  beam,  twice  the  length  of  FG,  and  suspended  in  the 
middle. 

PROP.  LXXVI.    {Figures  7  and  8.  FL  XI.) 
If  any  weight  be  laid  on  the  beam  AB,  as  at  C,  or  any 

FOflCE  APPLIED  to  IT  AT  C  ;   THE  BEAM  WILL  BE  BENT  THROUGH 
A  SPACE  CD  PROPORTIONAL  TO  THE  WEIGHT  OR  FORCE  APPLIED 

AT  C.    And  the  resistance  of  the  beam  will  be  as  thb 

SPACE  IT  IS  BENT  THROUGH  NEARLY. 

In  order  to  find  the  law  of  resistance  of  beams  of  timber,  or 
such  like  bodies,  against  any  weiglits  laid  upon  them,  or  strain* 
ing  them,  I  took  a  piece  of  wood  planed  square,  and  support- 
ing it  at  both  ends  A,  B,  I  laid,  successively,  on  the  middle  of  it, 
at  C,  1,  2,  3,  4.  5,  6,  7,  and  8  pounds;  and  I  found  the 
middle  point  C  to  descend  through  the  spaces  1,  2,  3,  4,  5,  6, 
7,  and  8,  respectively.  And,  repeating  the  same  experiment 
with  the  weights  3,  6,  9  pounds,  they  all  descended  through 
spaces,  either  accurately  or  very  nearly  as  the  numbers  1,  2,  3.  I 
tried  the  same  thing  with  springs  of  metal,  and  found  the  space 
through  'which  they  were  bent,  proportional  to  the  weight  sus- 
pended. I  also  tried  several  experiments  of  this  kind  with  wires, 
hairs,  and  other  elastic  flexible  bodies,  by  hanging  weights 
at  them ;  and  I  found  that  the  increase  of  their  lengths,  by 
stretching,  was,  in  each  of  them,  proportional  to  the  weights 
hung  at  them ;  except  when  they  were  .  going,  to  break,  and 
then  the  increase  was  something  greater.  It  may  be  observed, 
that  none  of  these  bodies  regained  their  first  figure,  when  the 
weights  were  taken  off,  except  well  tempered  springs;  so  that 
there  are  no  natural  •  bodies  perfectly  elastic.  And  even  springs 
are  observed  by  experience  to  grow  weaker  by  often  bending ; 
and,  by  remaining  some  time  unbent,  will  recover  part  of  their 
strength ;  and  are  something  stronger  in  cold  than  iti  hot  weather. 
But,  at  any  time  a  spring,  and  all  flexible  bodies' observe  this  law. 
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tbattbey.haTe  the  least  resistance  when  least  bent,  and  in  nil 
cases  are  bent  through  spaces  nearly  proportional  to  the  weights 
or  forces  applied.  And,  therefore,  I  tiiinic  this  law  is  sufficiently 
established,  that  the  resistance,  any  of  these  bodies  makes,  is  pro- 
portional to  the  space  through  which  it  is  bent,  or  that  it  exerts  a 
Ibrce  proportional  to  the  distance  it  is  stretched  to. 

Tlie  knowledge  of  this  property  of  springy  bodies  is  of  great 
use  in  mechanics,  for,  by  this  means,  a  spring  may  be  contrived 
tO'  pull  at  all  times  wiUi  equal  strength,  as  in  the  fiisee  of  a 
watch;  or  it  may  be  made  to  draw  in  any  proportion  of  strength^ 
required. 

The  action  of  a  spring  may  be  compared  to  the  lifting  up  a 
chain  of  weights,  lying  upon  a  plane,  or  to  the  lifting  a  cylmder  of 
timber  out  of  the  water  endways. 

PROP.  LXXVn.    {Fig.  9.  Fl.  XI.) 

To  FIND    THE    LATERAL  STRENGTH     OF   ANY     REAM    OF    TIMBER, 
WHOSE  TRANSVERSE  SECTION  IS  ANT  FIGURE  WHATSOEVER. 

Let  ERG  be  the  section  of  the  beam  in  the  place  where  it 
breaks.  Draw  the  ordinates  IN,  tn,  infinitely  near  each  other, 
and  parallel  to  the  base  RG. 

Pitf  ER  =  (J  EI  =  * 

RG  =  6  IR  =  V 

IN=y 
The  absolute  strength  ofonefbre  of  the  wood  n  1. 

When  the  beam  breaks,  it  is  done  by  the  separation  of  the 
parts  of  the  wood  at  £.  Therefore,  QRE  must  be  esteemed  a 
bended  lever,  whose  fulcrum  is  at  R.  When  the  beam  breaks, 
the  fibres  at  E  are  stretched  to  their  full  strength,  but  those 
nearer  R  are  less  stretched,  and  exert  less  force  or  resistance  in 
proportion  to  their  distance  from  R  (by  the  last  Prop.);  and, 

therefore,  the  resistance  of  the  fibre  at  I  r:  ^  :    and   the  resist^ 

d 

ance  of  all  the  fibres  in  the  parallelogram  In,  n   iLx  In ;    and 

d 
the  power  of  all  the  fibres  in  the  parallelogram,  in  regard  to  the 

brachium  IR,  is  =:  ^   xin.    And  the  sum  of  all  the  power* 

in  the  whole  section  =  sum  of  all  the  i^  y  i^. 

d 

Letg,  py  be  the  distance  of  the  centre  of  gravity  and.  per<»is- 
sion  from  RG,  as  the  axis  of  motion. 
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Then  (by  Cor.  1.  Prop.  LVH.)  Oie  sum  of  all  &e  w  xhtsigp 
X.  sum  of  all  the  In  =  gp  X   section  ERG.    And  the  sum  of 

all  the  !!!^X  In  ;=  -^-X  section  ERG.  Therefore,  the  stJ«Dgth 

d  d    .  ,   ^ 

of  the  beam  at  E,  is  :=  ^x  seotion  ERG. 
d 

Cor.  1.  (Fig.  10.  PL  XI.)  If  there  he  takenRO  ss  %;  thm 

d 
all  the  fibres  of  the  wood  being.  8uppo»sd  to  be  coUe^fted  in  O,  and 
€tcting  there  with  their  full  slrengiK;  their  total  strength  at  O,  ikoH 
be  equal  to  the  strength  of  the  beamy  at  the  section  ERG. 

For,  suppose O  to  be  such  a  point;  then  the  strength  of  the 

beam,  or  ^  x  section  ERG  =  RO  X    section  ERG ;  and  RO 
d 

d' 

Cor.  .2.  If  the  section  be  a  parallelogram,,  g  zz  j^,  and  psz  id, 
t/ierefore  RO  =  Jrf. 

In  a  circle  whose  diameter  is  ER,  ^  =:)</,  je>  =  id,  and  RO:^. 
/^,  ^  '^d  nearly,  as  in  the  paralUhgram. 

In  the  periphery  of  a  circle  (the  beam  beine  a  hollow  cane)  gtiskl, 
andp  =r  id,  whence  RQ  i=  i(^  =:  |(^  nearS/  ;  as  i^  tlte  parallelo- 
gram. 

In  a  triangle  whose  base  ts  a^  £  parallel  to  the  horizon,  and  ver- 
tex at  ^^  g  zz^d,  andp  r:  ^d,  and  RO  n  j^</.  And  its  strength 
^j^dx  area  of  the  triangle. 

Cor.  2.  (Fig.  1.  PI.  XI.)  The  strength  of  a  cylinder  when  twisted^ 
wrested,  or  wrung  round  its  axis,  is  equal  to  the  lateral  strength  of  a 
triangular  beam  whose  height  zz  radius,  base  ^  circumference  of  the 
cylinder;  and  vertex  of  the  triangle  at  D. 

for,  let  AD  izz  r,  circumference  DEFG  :=  c,  Ap :::  v,  circum« 

&fence  pqr  ir  ^.    The  resistance  of  a  fibre  at  D  is  1,  ^ujd  at  p 
r 

is  ;r — ,  and  the  resistance  of  all  the  fibres  in  pqr  is  '::Z'^. — ;  i9od 
r  rr 

tjiie  resistance  of  all  the  fibres  in  pqr,  in  regard  to  the  bj^hiufid 

Ap  is  =  X  V ;  and  the  total  po^fcr  of  ail  the  fibies  in  the 

rr 

whole  section  DEFG^is  =-Lx  sum  of  all  Ae  w^  :r  -f.  x  1*  + 
rr  rr 

a*f|-3»+4^ .  ,to  r»  =  -Ix  ~;  therefore,  the  strength  is :^  -^ 
rr      4  4  * 
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cr 
And  in  the  triangle,  the  area^being  -^^  and  rfs?  r,  tlie  stieogth 

z^  ^r  X  —  ZT-^T-y  the  same  as  for  the  twbted  cylinder. 
2        4 

Scholium. — ^This  Cor.  2.  does  not  agree  so  well  with  timber 
as  metal,  for  the  texture  of  wood  is  not  the  same  in  length  as 
breadth.  For  all  wood  is  composed  of  long  slender  tubular  fi- 
bres, joined  together  by  a  glutinous  matter,  which  is  easily 
separated  ;  and,  theref^,  wood  is  much  more  easily  split  than 
broken. 

PROP.LXXVin.    (J%.11.P(.XI.) 

Given  the  weight  that  will  break  a  beam  laterally,  t6 
pind  how  much  will  break  it  wheh  drawn  im  direction 
of  its  length. 

Xe^  DR  i«  the  beam. 

Put  I  =  its  length  D£, 

W  ^  weight  applied  at  D,  that  can  break  it  at  £, 

d  =:  d^th  £B, 

g  zz  distance  of  the  centre  of  gravity  of  the  section  £RO 
Jrom  Ry 

p  zz  distance  of  the  centre  of  percussion  of  ERG  yrom  RG, 

Then  —  W  :=:  we^A/  that  will  break  it  when  drawn  in  direction 

gP 
of  its  length. 

But  if  the  beam  be  ss^ported  at  both  ends,  and  the  weight  breaks 
it  in  the  nuddlcy  g  and  p  must  be  measured  from  the  upper  side,  and 
take  I  for  half  its  lengthy  Wfor  half  the  weight  thai  bretdait. 

For,  by  Cor.  1.  of  the  last  Prop,  if  RO  =:  ^  tlien  all  the 

(bres  of  the  beam  acti^  at  O,  will  be  equal  to  the  strength  of  die 
beam ;  and  since  W,  applied  at  D,  can  break  it  in  either  case, 
therefore,  by  the  nature  of  the  lever,  it  will  be,  /  x  W  s:  RO  x 

absolute  strength  =:    @  x absolute  strength;  therefore,  the  ab- 
et 

solute  strength  =: ,  or  the  weight  that  can  break,  it,  when 

gP 
4fawn  in  length. 

Cor.  Hence,  if  there  betaken  RL  =r^ ,  tlien  the  weight  which 

d 
heii^  applied  at  L,  wUl  just  break  the  beam  hmzontaUy^  the  same 
wiUjust  puU  it  asunder y  when  applied  lengthwise. 
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For,  then  I  tz^,  aud  weight  W  =:  resistance  at  Or: strength 
a 

of  the  whole  beam. 

Therefore,  if  a  piece  of  oak,  an  inch  square  and  a  foot  long, 
supported  at  both  ends,  bears  315  lb.  before  it  breaks,  it  will 
bear,  when  drawn  in  length,  2835  lb.  or  1  ton,  5  hundreds,  2 
stones,  7  pounds ;  that  is,  above  a  ton  and  a  quarter. 

.  Scholium.— -Here  we  all  along  suppose,  that  the  nilcrum  at  R 
remains  fixed ;  but  if  it  should  vary  by  the  denting  in  ci  the 
parts  at  R,  it  will  cause  a  little  variation  in  the  strength,  and 
make  the  beaoi  something  weaker,  laterally.  And  that  it  will 
yield  a  little  this  way,  is  evident  from  experiments;  for  the 
hardest  bodies,  such  as  glass  in  small  threads,  may  be  extended 
in  length,  and,  consequently,  may  be  contracted  by  a  contrary 
force ;  and  balls  of  glass  or  wood,  let  fall  upon  a  hard  body, 
will  rebound ;  which  they  cannot  do  without  the  denting  in  of  the 
parts. 

PROP.  LXXIX.    {Fig.  12.  PL  XI.) 

If  a  weight  be  laid  upon,  the  straight  beam  A6,  sup- 
ported AT  BOTH  ENDS,  ITS  BENDING  OR  CURVATURE  WILL 
BE  NEARLY  AS  THE  WEIGHT  AND  LENGTH  DIRECTLY;  AND 
AS  THE  BREADTH  AND  CUBE  OF  THE  DEPTH  RECIPROCALLY. 

It  is  found  (by  Prop.  LXXVI.)  that  if  several  weights  be  laid 
succeissively  upon  a  horizontal  beam  AB,the  space  CDB,  through 
wUch  the  point  D  descends,  will  be  as  the  weight  it  bears.  Now, 
the  parts  at  e,/,  which  are  contiguous  at  the  beginning  of  the  de- 
scent, are  gradually  separated;  till,  at  last,  the  beam  breaks. 
At  which  time,  when  it  can  bear  no  more,  the  infinitely  small 
distance  e^  is  a  given  quantity.  If  CD  be  supposed  very  small, 
the  CD  is  as  the  curvature  at  D,  and  this  curvature  is  as  the 

infinitely  small  angle  jDf,  that  is,  as  >^,  and  when  it  breaks,  as 

D/ 

Let  L  be  the  length  of  any  beam,  b  its  breadth,  Df  its  depth, 
then  (by  Prop.  LXXIII.)  its  strength,  or  the  weight  it  will  bear,  is 

at^2^5C  Therefore,  put  JiBll  for  the  greatest  weight,  and 
-L-  fyt  the  curvature  when  breaking ;  W  for  any  other  weight. 
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and  C  the  correspondent  curvature,  and  it  will  be  as  z^^'fi 

Cor.  1.  The  mtaoHty  ofdefteswn  CD  of  any  beam  i$at  the  weight 
andcabeofthe  length  directly ,  andthe  breadth  and  cube  ofthedepth 
reeiptocaliy. 

For  when  CD  is  very  smally  ADB  is  veiy  near  a  circle,  or 
nearer  a  parabola;  suppose  it  a  circle,  and  let  its  radius  be  R, 

then  2R  X  CD  =  AD»  or  J  LL;  therefore  ^  =  JL,  whence 

LL        8R 

9P  is  as  the  curvature  C,  that  is,  as       ^^        or    CD  is  as 
IX  6xD/»' 

-. — _.    And  if  ACB,  the  original  position  of  the  beam,  is  not 

a  right  Une,  yet  CD  will  still  be  of  the  same  quantity. 

Cor,  2.  in  unaiar  homogenom  ttraigki  Jbodie$  the  curvature  n  as 
the  vfeight  directfyy  and  cube  of  the  depth  reeipr^icalfy ;  but  the  de- 
flexion CD  it  as  the  weight  directly ,  and  depth  rec^rrocaily. 

Cor.  3.  In  similar  bodies  bending  from  a  straight  line  by  their 
own  weighty  the  curvature  is  given,  andthe  deflexion  is  as  the  square 
of  the  depth. 

Cor.  4.  In  the  utmo$t  strength  of  beams,  or  their  breakingposi^ 
tiony  the  curvature  is  reciprocally  as  the  depth,  and  the  deflexion 
as  the  square  of  the  length  directly,  and  depth  reciprocally. 

For  then  fc  xD/»  is  as  LW. 

Cor.  5.  What  is  said  of  straight  beams  is  equalfy  true  of  any 
beams,  in  regard  to  the  increase  or  variation  of  curvature,  and  to  the 
dtfletiumfrom  their  original  po$ition. 

ScHOLii7M. — ^What  is  said  of  beams  of  timber  in  this  section,  is 
equally  applicable  to  any  solid  bodies,  acted  on  in  a  like  manner 
as  by  weignts.  There  are  some  bodies  in  which  a  very  little 
bending  may  hare  a  great  effect,  as  in  the  glasses  of  large  tele- 
scopy. For  (by  Cor.  3.  of  the  last  Prop.)  the  deflexion  from  their 
trae  figure,  arising  from  their  own  weight,  is  as  the  square  of  the 
diameter,  when  the  glasses  are  similar.  And  though  this  be  in- 
sensible in  small  glasses,  it  may  produce  some  sensible  error  in 
large  ones;  and  the  same  may  happen  to  them  in  grinding,  by  loo 
much  pressure. 

From  the  foregoing  propositions  it  follows,  that  if  a  certain 
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beam  of  timber  be  able  to  support  a  given  weight,  another  beam 
of  the  same  timber^^  similar  to  the  former,  may  be  taken  so  great 
as  to  be  able  but  just  to  bear  its  own  weight;  and  any  bigger 
beam  cannot  support  itself,  but  must  break  by  ks  own  weight ; 
and  any  less  beam  will  bear  something  more.  For  the  strength 
being  as  the  cube  of  the  depth,  and  the  stress  being  as  the  matter 
and  length,  is  as  the  fourth  power  of  the  depth ;  it  is  plaia  the 
stress  increases  in  a  greater  ratio  than  the  strength.  Whence  il 
follows,  that  a  beam  may  be  taken  so  large,  that  the  stress  may 
far  exceed  the  strength.  And  that  of  all  similar  beams  there  is 
but  one  that  will  support  itself,  and  nothing  more.  likewise,  if 
any  beam  can-  bear  ten  times  its  own  weighl^  no  o&er  similar 
beam  will  do  the  same.  And  the  like  holds  in  all  machines,  and 
in  all  animal  bodies.  And  hence,  there  is  a.  certain  limit,  in  re* 
gard  to  magnitude,  not  only  in  all  machines  and  artificial  strao- 
tures,  but  also  in  natural  ones,  which  neither  art  nor  nature  can 
go  beyond,  supposing  them  made  of  the  same  matter,  and  in  the 
same  proportion  of  parts. 

Hence,  it  is  impossible  that  mechanic  engines  can  be  increased 
to  any  bigness.  For  when  they  arrive  at  a  particular  ^ize,  their 
several  parts  will  break  and  &11  asunder  by  their  weight ;  nether 
can  any  building  of  vast  bigness  be  made  to  stand,  but  must  fall 
to  pieces  by  their  great  weight,  and  go  to  ruin.  Vast  columns 
and^yramids  will  break  by  their  wei^t  and  tumble  down. 

It  is,  likewise,  impossible  for  nature  to  produce  animals  of  any 
vast  size  at  pleasure,  or  any  such  thing  as  giants,  or  men  of  pro^ 
digious  stature;  except  some  sort  of  matter  can  be  founa.  to 
make  the  bones  of,  which  is  so  much  harder  and  stronger  than 
any  hitherto  known ;  or  else  that  the  proportion  of  the  parts  be 
so  much  altered,  and  the  bones  and  muscles  made  thicker  in  pro- 
portion, which  will  make  the  animal  distorted  and  of  a  monstrous 
figure,  and  not  capable  of  performing  any  proper  action.  And 
being  made  similar,  and  of  common  matter,  they  will  not  be  abU 
to  stand  or  move,  but,  being  burdened  by  their  own  weight,  must 
fall  down. 

Thus,  it  is  impossible  that  there  can  be  any  animal  so  big.a9  to 
carry  a  easde  upon  his  back^  or  any  man  so  strong  a&  to  r«mov« 
a  mountain,  or  puU'  up  a  large  oak  by  the  roots :  nature  will  not 
admit  of  these  things ;  whence  it  is  impossible  thete  can-  be  animaU 
«f  any  sort  beyond  a  determinate  bigness. 

Fish  may,  indeed^  be  produced  to  a  larger  size  than  land  ani« 
mals,  because  their  weight  is  supported  by  the  water ;  but  yet 
they  cannot  be  increased  to  immensity,  l>ecause  the  internal  paits 
will  press  upon  one  another  by  their  weight,  and  destroy  their 
fabric. 

On  the  contrary,  when  tS^e  siae  of  animals  is  dimioiahed,  their 
strength  is  not  diminished  in  the  same  proportion  as  the  weight 
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And,  thevefoie^  a  sbmII  ammal  will  carry  fiur  more  than  its  own 
weighty  whilst  a  great  one  cannot  carry  so  much  as  its  weight 
And  henoe^  it  is,  that  small  animals  are  mote  active,  will  run 
fiuter,  jomp  ferther,  or  perform  any  motion  qnicker,  for  their 
weighty  than  large  animals ;  for  the  less  the  animal  Uie  greater 
ihe  pfoportion  m  the  strength  to  the  stress.  And  nature  seems 
to  know  no  bounds  as  to  ihe'  smaHness  of  animals,  at  least  in  re^ 
gard-  to  their  weight 

Neither  can  any  two  unequal  and  similar  machines  resist  anr 
violence  alike,  or  in  the  same  proportion ;  hut  the  greater  will 
be  more  hurt  Uwtn  the  lest.  And  the  same  is  true  of  animals, 
for  large  animals,  hy  foiling,  break  their  bones,  whilst  lesser  ones 
foiling  higher  receive  no  damage.  Thuft,  a  cat  may  foil  two  or 
three  yards  high  and  be  no  worse,  and  an  ant  from  the  top  of  a 
tower.* 

It  is  likewise  iim)os8ible,  in  the  nature  of  things,  that  there 
can  be*  any  trees  or  immense  bigness ;  if  there  were  any  such, 
their  liml^y  boughs^  and  bmnches,  must  break  and  fall 'down 
by  their  great  weight.  Thus,  it  is  impossible  there  can  be  an 
oak  a  quarter  of  a  mile  high ;  such  a  tree  cannot  grow  or  stand, 
but  its  limbs  vnU  drop  off  by  their  weight.  And  hence,  lik^ 
wise^  lesser  plants  can  better  sustain  themseWes  than  large  ones 
eUndo. 

Neither  could  a  tree  of  an  ordinary  size  be  able  to  stand  if  it 
W8ts  composed  o#the  same  tender  matter  that  some  plants  con- 
sist of;  nor  such  a  plant  if  it  were  much  bigger  than  common. 
And  that  plants  made  of  such  tender  matter  may  better  support 
themselTes^  nature  has  made  the  trunks  and  branches  of  many 
of  them  hollow,  by  which  means  they  are  both  lighter  and 
sttongfer. 

The  pioposit&ons  before  laid  down  concerning  the  strength 
and  stress  of  timber,  &c.,  are  also  of  excellent  use  in  several  con* 
eems  oC  lifo,  and  particolatly  in  architecture ;  and  upon  these 
prinoiptes  a  great  many  problems  may  be  resolved  relating 
to  die  due  jMoportiDn  of  strength  in  several  bodies,  according 
to  ^eit  particular  positions  and  weights  they  are  tO'  bear,  some 
cf  whi«h  I  shall  briefly  enumerate. 

If  a  piece  of  timber  is  to  be  holed  with  a  mortise  hole,  the 
liefeffli  will  be' strong  when  it  is  taken  out  of  the  middle,  than  if 
it  be  taken  out  of  either  sido.  And  in  a  beam  supported  at  both 
eads^  it  is  8tn>nger  ii^ien.  the  hole  is  taken  out  oSfthe  u{^r  side 
than  the  under  one,  provided  a  piece  of  wood  is  driven  hard  in 
to  fi]liu|>  the  hole. 

If  a  pieee  is  to  be  spliced  upon  the  end  of  a  beam-  to  be  sup>> 
poned'  at'both  ends,  it  will  be-stronger  when  s{>liaed  on  the  un^r 
side  of  a  beam,  than  on  the  upper  side.    But  if  the  beam  is  sup- 
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ported  only  at  one  end,  to  bear  a  weight  on  the  other^  it  is 
jstronger  when  spliced  on  the  upper  side. 

When  a  small  lever,  &c.,  is  nailed  to  a  body  to  remove  it  or 
suspend  it  by,  the  strain  is  greater  upon  the  nail  nearest  the  hand 
or  j>oint  where  the  power  is  applied. 

If  a  beam  is  supported  at  both  ends,  and  the  two  ends  readi 
over  the  props,  and  be  fixed  down  immoveable,  it  will  bear  twice 
as  much  weight  as  when  the  ends  only  lie  loose  or  free  upon  the 
supporters. 

If  a  slender  cylinder  is  to  be  supported  by  two  pieces,  the  dis- 
tance of  the  pins  ought  to  be  /i^%%. parts  of  the  length  of  the  cy- 
linder, that  is  I  its  length,  the  pins  equi-distant  from  its  ends, 
and  then  the  cylinder  will  endure  the  least  bending  or  strain  by 
its  weights. 

By  the  foregoing  principles  it  also  follows,  that  a  beam  fixed 
at  one  end,  {Fig.  1 3.  PL  XI.)  and  bearing  a  weight  at  the  other, 
if  it  be  cut  in  the  form  of  a  wedge,  and  placed,  with  its  parallel 
sides,  parallel  to  the  horizon,  it  will  be  equally  strong  every  where, 
and  no  sooner  break  in  one  place  than  another. 
.  If  a  beam  has  all  its  sides  cut  into  the  form  of  a  concave  para- 
bola, {Fig.  14. .  PL  XI.)  whose  vertex  is  at  the  end,  and  base  a 
square,  a  circle,  or  any  regular  polygon,  such  a  beam  fixed  hori- 
zontal at  one  end,  is  equally  strong  throughout  for  supporting  ita 
own  weight. 

By  the  same  principles,  if  a  wall  faces  the  vnnd,  and  if  the 
section  of  it  be  a  right  angled  triangle,  or  the  foreside  be  perpen* 
dicular  to  the  horizon,  and  the  backside  terminated  by  a  sloping 
plane,  intersecting  the  other  plane  in  the  top  of  the  wall,  such  a 
wall  will  be  equally  strong  in  all  its  parts  to  resist  the  wind,  if 
the  parts  of  the  wall  cohere  strongly  together ;  but  if  it  be  built 
of  loose  materials,  it  is  better  to  be  convex  on  the  backside  in 
form  of  a  parabola. 

If  a  wall  is  to  support  a  bank  of  earth,  or  any  fluid  body,  it 
ought  to  be  built  concave  in  form  of  a  semi-cubical  parabola, 
whose  vertex  is  at  top  of  the  wall ;  this  is,  when  the  parts  of  the 
wall  stick  well  together ;  but  if  the  parts  be  loose,  then  a  right 
line  or  sloping  plane  ought  to  be  its  figure.  Such  walls  will  be 
equally  strong  throughout. 

All  spires  of  churches  in  the  form  of  cones  or  pyramids,  are 
equally  strong  in  all  parts  to  resist  the  wind ;  but  when  the  parts 
cohere  not  together,  parabolic  conoids  are  equally  strong  throi]^h« 
out 

Likewise,  if  there  be  a  pillar  erected  in  form,  of  the  logarithmiq 
curve,  the  assymptote  bemg  the  axis,  it  cannot  be  crushed  to 
pieces  in  one  part  sooner  than  in  another  by  its  own  weight. 
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A^d  ifsach  a  piUar  be  panned  .upyi^t  dowp,  and  tiifpw4f^  ^^  A^ 
tbic|^  ,eD4  u^  ^c  air,  it  yUl  b«  no  Moq^tx  paWfid  a9Xfpier  i^  one 
part  tbaji  ano^^er  by  its  own  jrmghi,  AjmI  the  case  i^  tb#  san^ 
if  t^?#mali  eiD4  be  cut  oil^  ^oitA^  init^ad  of  it,  a  cyUn4ef  b»  added, 
whole  b^ig^  lis  half  the  subtangent. 

Xa3tly,  let.  A£  (fig.  1^.  PTXI.)  be  ft  beam  in  form  of  a  t^i- 
aiKuUr  pzisoa^and  if  ADz=;^  AQ,  and  M  =  |  AC,  and  the  part 
Aylf  l>^  cut  a;w8Qr  parallel  to  4e  bes^  the  teqiainii^  beam 
plC^  wiU  bev  ^  gi^eat^  weight  P,  tha^  ^e  iprhole  MJBPfG, 
pr  the  part  wiU  ,be  st^oi^r  than  4ie  whole,  whiph  is  a  paradoQc 
in  ^neaianics.    .  , 

And  upon  4l^  sam^  pnyxc^es,  ^n  jq^ite  number  of  queens 
.of  ^kjs  Jcjiod  may  be  ^solved^  whiqb  ave  CMiious  enough^  and  of 
^^  use  in  the  common  afairs  pf  Ufe. 

All  I  shall  here  add,  is  the  strength  of  several  sorts  of  timber, 
and  other  bodies,  as  I  hate  collected  from  experiments. 

In  the  first  edition  of  this  book  I  had  inserted  ^e  strengths 
of  some  sorts  of  wood,  such  as  I  had  made  experiments  upon; 
in  all  -whiich,  J.  gare  the  least  weight  which  the  worst  of  the^  was 
just  able  to  bear;  lest  any  body,  computing  the  strength  of  a 
beam,  should  oTerchai|;e  it  with  too  much  weight.  And,  since 
that  time^  I  )xav]e  made  a.  great  many  more  experiments,  not  only 
upon  many  different  sorts  of  wood,  but  several  other  bodies,  the 
result  of  which  I  shall  here  set '  down.  A  piece  of  good  oak,  an 
inch  square,  and  a  yard  long,  supported  at  both  ends,  will  bear 
in  the  middle,  for  a  yery  litde'tmie,  about  330  pounds  averd. 
but  wfll  break  with  more  than  that  weight  This  is  at  a  medium ; 
for  there  are  some  pieces  *  tiut  will  cany  something  more,  and 
ethers  not  ad  much:  imt  such  a  piece  of  wood  should  not  in 
praetioe  be  trusted,  for  any  lengtii  of  time,  with  above  a  third  or  a 
^QUUh  part  of  that  wmght.  For,  since  this  is  the  extreme  weight 
wiucbthe  best  veood  will  bear,  diat  of  a  worse  sort  must  hmk 
^ttSii  it,  For,  I.  have  found  by  experience,  thai  there  is  a 
gnat  deal  o£  iiiffereooe  in  strength^  m  difieient  pieces  of  the 
^^^  flame <tr^,;. some  pieces  I  have  found  would  not  bear  hedf 
^  weight  .^bat  ethers  would  do.  The  wood  of-  the  bouffhs 
aadihiandies  is £uei  weaker  ihan  tint  of  the  body;  tiie  wooa  of 
^  gr^  limbs  is  stroiiger  ifaan  that  of  the  small  ones,  and  the 
wood  in  ihe  heart  of  a  sound  tree  is  strongest .  of  all.  I  have 
^  found  by  experience,  that  a  piece  of  timber,  which  has 
i>otm  agieal  w»i^tfor  a  small  time,  has'broke  witfi  a  fiuC  less 
weight,  when  left  U]pon  it  for  a  for  longer  time.  Wood  ik  like- 
wise weaker  when  ijt  is  green,  and  strongest  w4ien  thorougldy 
daed,  and  should  be  two  or  three  yeois  <^  ait  least  If  wood 
happens  to  be  sappy  it  will  be  w(raker  upon  that  accomil,  and 
will  Ukewise  decay  sooner.  Knots  in  wood  we^keh  itver^  much, 
^d  this  ol^  causes  it  to  break  where  a  knel  is.    Also,  when 


Digitized 


by  Google 


104  STRENGTH  OF  TIMBER.  Sect  YIH. 

wood  is  cross-grained,  as  it  often  happens  in  sawing;  this  will 
weaken  it  more  or  less,  according  as  it  runs  more  or  less  cross 
the  grain.  And,  I  have  found  by  experience,  that  tough  wood 
cross  the  grain,  such  as  elm  or  ash,  is  7, 8,  or  10  times  weaker 
than  straight;  and  wood  that  easily  splits,  such  as  fir,  is  16, 18, 
or  20  times  weaker.  And  for  common  use  it  is  hardly  possible 
to  find  wood  but  it  must  be  subject  to  some  of  these  thing^.  Be- 
sides, when  timber  lies  long  in  a  building,  it  is  apt  to  decay  or  be 
worm  eaten,  which  must  needs  very  much  impair  its  strength. 
From  all  which  it  appears,  that  a  large  allowance  ought  to  be 
made  for  the  strength  of  wood  when  applied  to  any  use,  espe- 
cially where  it  is  designeid  to  continue  for  a  long  time. 

The  proportion  of  the  strength  of  several  sorts  of  wood,  and 
other  bodies  that  I  have  tried,  will  appear  in  the  following  table. 

Box,  yew,  plumtree,  oak 11 

Elm,  ash. ,..,  8^ 

Walnut,  thorn 7^ 

Red  fir,  holly,  elder,  plane      }  ^ 

Crab-tree,  apple-tree  .   5 

Beech,  cher^-tree,  hazle 6| 

Alder,  asp,  birch,  white  fir       )  • 

Willow  or  saugh                      J " 

Iron 107 

Brass ., ,, 50 

Bone ', ,. , , 22 

Lead , , ,  gx 

Fine  firee-stone 1  .  . 

In  this  table  I  have  put  several  sorts  of  wood  into  one  clan 
together,  which  I  found  to  be  pretty  near  of  the  same  stiengtb, 
as  I  found  sometimes  one  sort  to  exceed  in  strength  and  some- 
times another,  there  being  a  great  difierence  even  in  the  same 
sort  of  wood;  and  I  do  not  doubt  but  other  people  that  sludl 
?™~^«  «P«»ments,  will  find  them  as  different  andT  various  as  1 
to^^V"^^^  perhaps  quite  difFeient  firom  mine,  just  according 

.  to  what  oOier^  'Tl*  ""^^^S^^^^J  trials,  without 'any  legaid 
add,  is  this ;  ^  ®'  "**y  ^^'     ^^*^**^  ^  *«"  *^' 

draw^iiTl^?'^  .J>^  good  clean  fir,  of  an  inch  circumfeience, 
^r  2  inches  d^^*  ^.*f  ?  »*»  ^tremity,  400  ib.  and  a  spear  of 

A  rod  of  u^?^''  ^'^1  ^^^  a^Jout  7  ton,  but  not  more, 
ton  weight.  ^^^  of  an  mch  drcnmferehce,  will  bear  near  3 

10001b.beiJ^?^?,  «>P«  of  an  inch  circumference,  wiU  bear 
•*»  ^tremity. 
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All  diis  supfpoMs  tfiese  bodiM  to  be  toond  and  good  ibroogli- 
oat ;  bat  none  of  these  ifaoald  be  pat  to  bear  moie  than  a  tfaiid 
or  a  firartfa  port  of  the  weight,  especially  for  any  length  of  time. 

From  wlnt  has  been  said,  if  a  spear  of  fir  or  a  rope,  or  a  spear 
of  iron  dd  inches  diameter,  was  to  lift  }  tiie  extreme  weight, 
then. 

The  fir  woold  bear  Stdd  handred  weight. 
IHe  rope  22  di  hundred  weight. 
The  iron  6)  dtf  ton  weight 
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SECTION  NINTH. 

THE  PROPERTIES  OF  FLUIDS,  THE  PRINCIPLES 
OF  HYDROSTATICS,  HYDRAULICS,  AND  PNEU- 
MATICS. 


PROP.  LXXX.  {Fig.  1.  PI.  XII.) 

Motion  or  pressure  in  a  fluid  is  not  propagated  in  right 
lines,  but  equally  all  abound  in  all  manner  qf  direc- 
TIONS. 

If  a  force  act  at  a  Id  direction  ab,  that  motion  can  be  directed 
no  further  than  these  particles  lie  in  a  right  line  as  to  c.  But 
the  particle  c  will  urge  the  particles  cf,/*  obliquely,  by  which  that 
motion  is  conveyed  to  e,  g.  And  these  particles  e,  g,  will  urge 
the  particles  n,  p,  and  r,  s  obliquely,  which  lie  nearest  them. 
Therefore  the  pressure,  as  soon  as  it  is  propagated  to  particles 
that  lie  out  of  right  lines,  begins  to  deflect  towards  one  side  and 
the  other ;  and  that  pressure  being  further  continued,  will  deflect 
into  other  oblique  directions,  and  so  on.  Therefore,  the  pressure 
and  motion  is  propagated  obliquely  ad  infinitum,  and  will,  there- 
fore, be  propagated  in  all  directions. 
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Cor.  (Fiff.  n.  PI.  XII.)  If  ofty  pM  of  a  prmmt  proptmtted 
^krmighaJkadfbeMiippedfytmobtiaeUy&ereimmmgpm^ 
ftBdinio  the  ipaeei  beUmftke  oktdele,  Tkuififawmmpfoeeedt 
from  Qjdnda  pdrt  gon  throtuh  the  kok  A,  U  upmtA  ihtff;  and 
forms  a  new  -wave  hofood  the  hoiOf  whkh  mooeifonootd  m  a  leait- 
drcle  whose  centre  is  the  hole. 

Tor  tny  part  of  k  fluid  ]ire«siiig.  against  flie  Aeit  it  equally  r»- 
act^  OD  by  th«  ti^tt,  and  ibAi  by  the  next  to  it,  and  to  on ;  hom 
iKh&ite  Ibilo^  a  lateral  ^^Csstire  (eqoal  to  the  direct  yioaiue) 
into  the  plluies  behind  the  obstacle. 

PROP.  LXXXI.  (J%.  3.  P/.  XII.) 

A  FLUID  CAN  ONLY  BE  AT  REST  WHEN  ITS  SURFACE  IS  PLACED  IN 
A  HORIZONTAL  SitUATION. 

For,  let  ABCD  be  a  vessel  of  water  or  any  flnid;  and  let  AB 
be  parallel  to  the  horizon.  I^ppose  the  surface  of  the  liqnor  to 
be  m  the  position  TE.  Then,  because  diie  parts  of  the  flaid  are 
easily  moveable  among  themselves;  theren>re  (bt  Ax.  7.)  the 
higher  parts  at  £  will,  by  their  gravity,  eontinttally  descend  to 
the  lower  places  at  F.  Also  the  greater  pressure  under  £  and 
the  lesser  tmder  F,  will  canse  the  paits  at  £  to  descend,  and 
those  at  F  to  ascend.  And  thus  the  higher  parts  of  the  fluid 
at  £  descending,  and  spreading  themselves  over  the  lower  parts 
at  F,  which  are  at  the  same  time  ascending ;  the  surface  or  the 
fluid  will  at  last  be  reduced  to  a  horizont^  position  AB.  But 
being  settled  in  this  position,  since  there  is  no  ptrt  higher  than 
anodber,  there  is  no  tendency  in  any  one  part  to  descend,  more 
Uao  inanolher ;  and,  therefore^  the  fluid  will  rest  in  an  honson- 
telpositito. 

Cor,  1.  (Ftg.  4.  m.  Xn.)  If  the  fluid  does  not  graoUate  in  pa* 
raUel  Unes,  hut  towards  a  fixed  point  or  centre  C;  ^en  the  fluid  eon 
onbf  he  at  rest  when  its  surface  takes  the  form  of  a  spherical  surface 
AB,  whose  eedtre  is  C. 

For  if  any  parts  of  the  surface  of  the  fluid  A  or  B,  ^ete  fb9* 
<her  from  C  than  the  rest,  they  Would  continually  flow  down  to 
the  places  nearer  G,  towards  whidi  their  weights  are  directed  ; 
till  at  last  they  would  be  all  equi-distant  from  it 

Cor,  2.  Amfflmd  being  disturhed,  will  of  itutf  return  to  the  same 
levels  or  horizontal  position. 

Cor.  3.  (Fi|.  5.  PI.  XIL)  Bence^  tdso,  if  a  ^erent  fluid  ABEP 
t^t  t^A  the  fluid  ABCD;  hath  the  surface  FE,  and  the  .iurface 
AB  thai  dwides  them^  will  He  in  a  level  or  horizontal  situation^  when 
at  rest. 
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For,  if  any  part  of  the  axubce  AB  be  higher  than  the  lett,  it 
'Will  descend  to  the  same  level ;  and  since  F£  is  abo  level,  and, 
therefore,  the  heights  AF,  BE  in  every  place  equal ;  the  pressure 
of  it  on  all  the  parts  of  the  horizontal  sarfaoe  ABy  will  be  equal 
And,  therefore,  it  cannot  descend  in  one  place  more  than  ano- 
ther, but  will  continue  level. 

.  Cor,  4.  Herux,  water  (xnnmunicaHng  with  two  places^  or  amf  wof 
conveyed  from  one  place  to  another^  toill  rite  to  the  tame  level  m 
ffoth  places ;  except  so  far. as  it  is  hindered  by,  the.fiietian  of  the 
channel  it  moves  through^  or,  perhaps,  some  very  imaU  degree  iff  tenor 
city  or  cohesion, 

PROP.  LXXXII.  (Fig,  6.  Tl  XII.) 

In  4NT  FLUID  REMAINING  AT  BEST,   EVEJ^Y    PART  OF  ITy  AT    THE 
SAME  DEPTH,  IS  IN  AN  EQUAL  STATE  OF^COMPRESSION. 

For,  let  the  plane  £F  be  parallel  to  the  sur£stce  AB.  Then, 
since  the  height  of  the  fluid  at  all  the  points .  of  £F,  is  equal ; 
therefore  the  weights  standing  upon  any  equal  parts  of  £F  are 
equal ;  and,  therefore,  the  pressure  in  all  Uie  points  of  £F  is 
equal  also. 

Cor.  1 .  A  fluid  being  at  rest,  the  presmre  at.  any  depth  is  as  the 
depth. 

For  this  pressure  depends  on  the  weight  of  the  superincumbent 
fluid,  and,  therefore,  is  as  its  height 

Cor,  2.  In  amf  given  place,  a  fluids  presses  equally  in  aU'ldirecr 
Hons, 

'  For  (by  Prop.  LXXX.)  as  the  pressure  in  any  place  acts  in  all 
directions,  it  must  be  the  same  in  all  directions.  For  if  it  were 
less  iu  one  direction  than  another,  the  fluid  would  move  that  way, 
till  the  presspre  becomes  equal.  And  then  the  fluid  would  be  at 
rest,  and  be  equally  compressed  in  all  directions. 

Cor.  3.  TTie  pressure  is  equal  in  every'part  of  a  plane  drawn  pe^ 
rallel  to  the  horizon. 

Cor.  4.  When  a  fluid  is  at  rett,  each  drop  or  particle  of  it  is 
equally  pressed  on  all  sides,  by  the  weight  of  the  fluid  above  it\ 

PROP.  LXXXIII.  (Fig,  6.  PL  Xn.) 

If  a  fluid  be  at  rest  in  any  vessel,  whose  base  is  paral- 
lel TO  THE  horizon,  THE  PRESSURE  OF  THE  FLUID  UPON  THE 
base,  IS  AS  THE  BASE  AND  PERPENDICULAR  ALTITUDE  OF  THE 
FLUID,  WHATEVER  BE  THE  FIGURE  OF  THE  CONTAIN INO 
VESSEL. 
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Case  L 

-  Let  ABCD  be  a  cylinder  or  prising  then  (by  Cor.  1.  Prop. 
XXXXIL)  the  pfcttmro  upon,  a  given  part  of  the  bate  (aaa  iquaie 
in<^)  is  as  the  depth.  And  the  pressure  upoa  the  whole  base  is 
-as  the  number  of  parts,  or  inches,  contained  in  it ;  and,  therefore, 
is  as  the  base  and  altitude  of  the  fluid. 

CaseH.  {Fig.  7.  PL  XII.) 
Let  the  heights  and  bases  of  the  vesseb  ABC,  DBF  be  equal  to 
tiiose  of  the  cylinder  ABCD  {Bg.  6..PL  XIL);  then,  since  an)r 
part  of  the  bases  AB  or  DE  is  equally  pressed,  as  an  equal  part 
of  the  base  CD;  {Fig.  6.  PL  XII.)  therefore  the  whole  pressure 
upon  the  bases  AB  or  D£  is  equal  to  the  whole  pressure  upon 
the  base  CD,  {Fig.  6.  PL  XII.);  and,  therefore,  is  as  the  base  and 
perpendicular  height. 

Cor.  \.  If  two  vtneU  ABC,  DEF,  of  equal  btm  md  keighi, 
though  never  to  different  in  their  capackiei^,  he  fiUei  with  amf  the 
same  fluids  their  bases  will  nutam  an  equal  quantity  of  premart, 
the  same  as  a  cylinder  of  the  same  base  and  height. 

Cor.  2.  The  quantity  of  pressure  at  amy  given  depth,  upon  a  given 
surface,  is  always  the  same,  whether  the  surface  pressed  be  parallel 
to  the  horizon,  or  perpendicular,  or  oblique  ;  or  whether  the  fluid 
€pniinued  upwards  from  the  compressed  surface,  rises  perpendicularly 
4fKto  a  rectuinear  direction,  or  creeps  obliquely  through  crooked  cav^ 
tia  and  canals  ;  and  whether  these  passages  are  regmar  or  irregular, 
viide  or  narrow.    And  hence. 

Cor.  3.  (Fit?.  8.  PI.  XIL)  IfAEDCV  be  a/^, vessel  contmnmg 
a  fluid;  and  BL,  £D,  HFOK,  and  GC  be  perpendicular  to  the 
horizon,  and  GHAB  the  sutface  of  the  liquor;  and  FL,  COD  pa- 
rallel to  AB,;  then  the  pressure  at  Land  F  is  asBL  or  HF;  at 
D,  O  and  C,  as  ED;  atKas  HK;  and,  therefore,  the  pressure 
at  L  and  F  is  the  same  ;  and  the  pressures  at  D,0,C  are  equal. 

Cor.  4.  (Fig.  8.  PI.  XII.)  I%e  pressure  is  every  where  directed per^ 
penOcular^  against  the  inner  mrface  of  the  vessel.  Therefore  at 
K  t^  is  directed  downward,  at  L  sideways,  and  at  F  tqnoards.  By 
Prop.  IX. 

Cor.  5.  (Fig.  9.  PI.  XII.)  If  two  vessels  AB,  CD,  communicate 
with  one  another  by  the  tube  BC,  and  if  any  liquor  be  poured  into 
one  AB,  it  will  rise  to  the  same  height  in  the  other  CD,  and  wHl 
itand at  equal  heights  in  both;  that  is,  AD  will  be  a  horizontal 
line. 

For  if  the  fluid  stand  at  unequal  heights,  the  pressure  in  the 
higher  will  be  greater  than  in  the  lower,  and  cause  it  to  move  to* 
wards  the  lower. 
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Cor.  6.  (Figures  10  and  11.  PL  XII.)  If  two  differeaJt  JUadt 
jmtammt  tmoihet  ai  teH  m  twe  veueb  AB,  CD,  that  eommtmi- 
etU  ;  tinar  kejglU  Awe  tkar  place  ef  meetk^f  wiU  be  reeiproeaUjf 
m  their  densUie$  or  tpeci/ie  grmmtiei. 

Let  the  fluids  join  at  C,  and  take  the  perpendicular  Ii^Tglit  of 
eCy  equal  to  that  of  AB. ;  tften,  if  the  densities  of  the  flmds 
were  equal,  they  would  sustain  one  anodier  at  the  equal 
hcd^^ts  AB,  Ce.  Therefore,  that  die  pressure  of  the  other  fluid 
loay  he  the  saine  aLt  C,  its  height  must  be  so  much  greater  as  the 
density  is  less;  that  is,  CD :  Ce  or  AB  :  I  density  of  AB  :  den*- 
UtyofCD. 

Scholium.— (f%.  12.  PL  XII.)  The  truth  of  the  foregoing  pro- 
positions may  be  e^y  provM  experimentally.  Take  several  tubei 
open  ait  both  ends,  some  straight,  some  crooked,  with  their  low  ' 
ends  turned  in  all  directions,  and  of  several  sizes,  regular  and  ir- 
regular. Put  these  into  a. vessel  Of  water  to  any  depth,  and  the 
water  will  rise  up  t6  the  height  of  die  external  sur&ce  of  the  wa* 
ter  in  diem  all.  But  this  is  to  be  understood  of  such  tubes  as  are 
sufficiently  wide;  for  in  capillary  tubes  immersed  in  a  vessel  of 
water,  it  rises  somediiug  above  the  level,  and  that  to  heights  reci- 
procally as  the  diameters.  Likewise,  if  water  can  ris6  and  be 
suspended  at  the  height  B  in  the  capillary  tube  AB,  it  will  be 
suspended  at  the  same  height  B,  whilsi  the  part  of  the  tube  at  fi 
remains  the  same,  whatever  be  die  figure  or  wideness  of  the  under 
part  CD.  And  the  ascent  and  suspension  of  water  is  the  veiy  samil 
m  vacuo.  The  same  holds  for  any  other  fluids,  but  different  fluids 
rise  to  different  heights.  But  quicksilver,  instead  bf  ascending  in 
a  capillary  tube;'i^inks  in  it,  and  has  its  suifece  depri^sed  belOw 
Ih^  Cdniinon  siirfaee,  to  depths  which  are  re(dprocally  as  the  di- 
aineters  c^f  the  tdb^.  But  the  forces  by  which  fluids  are  suspend- 
ed in  capillarjr  tiibbs  come  uiidtenb  hydro^tielaWs. 

PROP.  LXXXIV.  (P%.  13.  p/.xn.) 

If  a  homogeneous  body  be  iHiuebskd  in  a  fluid  of  the  Same 
bENBiTY  WITH  Itself,  it  will  i^emain  at  best  in  any  pUlce 

AND  IN  ANY  POSITION  ;  BUT  A. BODY  OF  GREATER  DENSITY  THAN 
THE  FLUID  WILL  SINK  TO  THE  BOTTOM,  AND  A  BODY  OF  LESS 
DENSITY  WILL  RISE  TO  THE  TOP. 

Case  I. 

Let  the  body  EGF  be  immersed  in  the  fluid  Ab.  Then,  since 
the  body  is  of  the  same  density  as  the  fluid,  therefore  the  body 
will  piness  the  fluid  bnder  it,  just  as  mudi  as  die  same  quandty 
of  the  fluid  put  ih  its  plaee.  Ahd,  theirdfore,  the  pressu)«  df  the 
l>ody,  togedier  with  that  of  the  fluid  above  it,  presses  the  JSuid 
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below  as  ittich  an  a  eolattm  of  tlM  Md  of  tte  wtmt  dcptk 
Therefore,  the  preMore  of  the  body  at  FafMMlte  Mid  it  eqprf 
to  the  pressure  of  the  fluid  at  F  against  .the  body.  And,  tbmf 
fore,  theie  two  pressures  will  remain  in  eqnilibrioy  and  the  body 
will  be  at  rest 

Case  II. 

If  the  body  is  more  dense,  the  pressure  against  the  fluid  un- 
derneath is  greater  than  duit  of  an  equal  quantity  of  the  fluid. 
Therefore  tlw  weight  of  the  b6dy  wfll  ofercone' the  pessure  of 
the  fluid  under  it,  and  it  will  sink.  But  if  the  body  be  lighter^ 
die  pressure  of  the  fluid  wifi  overcome  the  weight  of  the  body^  and 
it  wiU  rise  to  the  top. 

Car.  1.  IftetetaiHuidB  qftUfferent  densUiet  be  mUed  together  ik 
the  same  tfesul^  the  heaoiegt  wul  get  to  the  lowest  pfaee,  and  ike 
tightest  to  the  top,  and  thote  efa  mean  denm^  to  the  middU»  And, 
m  any  bodies  whatever  the  heaviest  will  be  the  lowest. 

Cor,  2.  Hence,  bodies  placed  mjlrnds  haoe  a  twrfold  moity,  the 
one  true  and  dnohUe^  the  other  apparent  or  relative.  Mniute  gror 
vify  is  the  force  toith  which  bodies  tend  downward;  by  this,  all  sorts 
of  fluid  bodies  gravitate  in  their  proper  placeSf  and  thevr  waght  taken 
together  compose  the  weight  of  the  whole  ;  for  the  whole  is  heavy ^  as 
nujy  be  experienced  in  vessels  fidl  of  liquor. 

Relative  graoity  is  the  excess  cf  the  gravity  of  the  botfy  above  that 
qfthefltdd.  By  this  kind  of  gravity  fluids  do  not  gravitate  in  theif. 
proper  places ;  that  is,  they  do  not  preponderate,  Imt  hindering  one 
another^  descent,  remain  m  thar  proper  places  as  t^  they  were  not 
heavy.  , 

Cor.  3.  Bence^  an  irrmlar  body,  or  one  that  is  heterogeneous, 
descending  in  a  fluid,  or  if  it  move  in  any  directum,  and  a  line  be 
drawn  connecting  the  centre  of  graving  and  centre  ^magnitude  cf 
the  bodhf,  the  body  wiU  so  dispose  itself  as  to  move  in  that  line  ;  and 
that  the  centre  t^  gravity  wtU  go  fljtemost  and  the  centre  of  magni- 
tude behind. 

For,  there  being  more  matter  and  less  surface  near  the  centre 
ef  grnVi^,  that  part  will  be  less  resisted  thAn  near  the  centre  of 
magnitude ;  therefore,  the  centre  of  magnitude  will  be  more  re* 
tarded  than  the  centre  of  gravity,  and  will  be  left  behind. 

Cor,  4.  Hence,  no  tody  can  be  at  rest  within  a  fluid,  unless  it  be 
rfthe  same  tpedfic  gravity  as  the  fluid. 

ScHOLiiTK.-^What  is  here  said  of  bodies  of  greater  density 
sinking  in  a  fluid,  must  be  understood  of  such  as  are  solid.  For, 
if  a  b^y  be  hollow,  it  may  swim  in  a  fluid  of  leas  density.  Butj 
if  the  hollows  or  cavities  be  filled  with  the  fluid,  it  will  then  sink, 
Likewise,  bodies  of  greater  specific  gravity  being  redticed  to  ex- 
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tMmely  small  particles,  may  then  be  suspended  in  the  fluid. 
But  the  forces  by(  which  this  is  done  belong  not  to  any  laws  of 
hydrostatics.   .  .       , 

PROP.  LXXXV.  {Fig.  13.  PL  Xn.) 

Bodies  immersed  in  a  fluid,  and  suspended  in  it,  lose  the 
weight  of  an  equal  bulk  of  the  fluid. 

For,  (by  the. last  Prop.)  if  the  body  £F  be  of  the  same  densi^ 
as  the  fluid,  it  loses  all  its  weight,  and  neither  endeavours  to  as* 
cend  or  descend.  Therefore,  if  it  be 'lighter  or  heavier  it  oply 
endeavours  to  ascend  or  descend  with  the  difference  of  the 
weights  of  the  body  and  the  fluid,  and  has,  therefore,  lost  the 
weight  of  as  much  of  the  fluid. 

'    Cor,  1 .  Tlie fluid  acquires  the  weight  wluch  the  body  losei. 

For  the  sum  of  the  weights  of  the  solid  and  fluid  is  the  same, 
both  before  and  after  emersion. 

Cor.  2,  AU  bodies  of  eaud  fnagrutude  immersed  in  a  fluid  lose 
equal  ujeights,  and  unequal  bodies  lose  weights  proportional  to  their 
bulks. 

Cor,  3.  The  weights  lost  by  immerging  one  and  the  same  botfy  in 
different  fluids  are  as  the  densities  of  the  fluids^  or  as  their  specific 
gravities. 

'  Cor.  4.  Hence,  also,  if  two  bodies  of  unequal  bulks  be  in  equilibrio 
in  one  fluid,  theywiU  lose  their  equilibrium  m  another  fluid  of  differ' 
ent  density. 

Scholium. — Since  a  body  immersed  in  a  fluid  loses  so  much 
weight  as  that  of  an  equal  quantity  of  the  fluid,  therefore  it  tends 
downwards  only  with  the  difference  of  these  weights ;  and  this  is 
the  relative  gravity  of  the  body  in  the  fluid.  But  if  the  body  is 
specifically  lighter  than  the  fluid,  it  seems  to  lose  more  weight 
than  it  has,  and,  hence,  the  body,  will  tend  upwards  with  the  dif- 
ference of  these  weights.  And  this  is  the  relative  levity  of  the 
body  in  the  fluid  ;  such  as  we  see  in  feathers  or  smoke  in  the  air, 
or  cork  in  water. 

PROP.  LXXXVI. 

The  WEIGHT  OF  A  SOLID  BODY  FLOATING  UPON  A  FLUID,  IS  EQUAL 
TO  THE  WEIGHT  OF  A  QUANTITY  OF  THE  FLUID,  AS    BIG   AS   THE 

•  IMMERSED  PART  OF  THE  SOLID,  CUT  OFF  BY  THE  PLANE  OF  THE 
SURFACE  OF  THE  FLUID. 

.  For,  if  the  body  be  at  rest,  the  pressure  of  the  body  upon  the 
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ficdd  underoeftdif  it  jost  fhe  Mine  as  the  wcmiw  of  the  fluid  in 
the  room  of  tiie  immened  part;  and,  iMiefoiey  tha  weight  of 
one  is  equal  to  fiie  weight  of  ihe  other. 

Cor.  1.  If  the  hodjf  he  homogeneouiy  the  weif^ht  or  magmtmde  qf 
the  whole  jioatmg  hojfM  to  the  weight  or  nmgminde  of  the  part  im^ 
merged  H  aethe  density  or  spee^  gravity  ofthejhtidit  to  the  dbi- 
sify  or  qfedfic  gravity  of  the  boJ^, 

For  the  density  of  the  fluid  :  density  of  the  body  : :  weight  (of 
the  fluid  equal  to  the  immemd  part,  or  the  weight)  of  the  whole 
whole  body  :  weight  of  the  immersed  part 

Cor,  2.  ffone  and  the  tame  hodhf  floaty  or  $wim  tqwn  different  Ik- 
guidsy  the  immersed  part  in  each  h^uid  will  be  reciprocal  as  their 
densities  ;  and,  therefore,  a  body  will  sink  deqter  in  a  lighter  fiM 
than  in  a  heavier, 

PROP.  LXXXVII.  (Jig.  14.  P/,  XII.) 

If  a  floating  body  AFBE^  or  system  of  bodies,  be  at  rest 
in  a  fluid,  and  d  be  the  centre  of  gravity  of  the  whole 
body,  and  c  the  centre  of  gravity  of  the  fluid  afb, 
equal  to  the  immersed  part  of  the  body  ;  then,  i  say, 
the  line  cd  will  be  perpendicular  to  the  horizon. 

For,  as  C  is  the  centre  of  gravity  of  Oie  fluid  AFB,  it  is  the 
centre  of  all  the  forces  or  wei^ts  of  the  parts  of  the  water  in 
AFB,  tendinis  downwards ;  but  because  the  body  is  at  rest,  the 
same  point  C  is  also  the  centre  of  all  the  pressures  of  the  fluid 
underneath  tending  upwards,  by  which  the  weight  of  the  fluid 
AFB  or  of  the  body  XFBEs  (equal  to  it  by  Prop,  last)  is  sustained. 
Therefore  the  sum  of  all  the  forces  tending  upwards  to  C,  is 
equal  and  contrary  to  the  sum  of  all  the  forces  tending  down- 
wards from  D,  (by  Ax.  11.)  because  that  pressure  sustains  the 
body.  But  the  weight  of  the  body  tending  from  D  is  perpendi- 
cular to  the  horizon;  therefore,  CD  is  perpendicular  to  the 
horizon. 

Cor.  If  the  whole  body  be  as  lieavy  or  heavier  tlum  water,  and  be 
immersed  in  it,  the  centre  of  gravity  will  be  the  lowest,  and  descend 
theforemost, 

PROP.  LXXXVIII.  (J%.  1.  PL  XIII.) 

If  a  fluid,  CONSIDERED  WITHOUT  WEIGHT,  BE  ENCLOSED  IN  A 
VESSEL,  AND  STRONGLY  COMPRESSED  ON  ALL  SIDES,  EVERY 
PART  WITHIN  IT  WILL  B^  IN  THE  SAME  COMPRESSED  STATE. 

For,  if  any  particle  was  less  pressed  than  another,  the  greater 

e    . 
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Stemne  would  noTietbe  fliiid  t^#cttdd-lhd  U»s-  eblapfetted^  pan, 
lltbeir  ecviapreisioii  ^^aiue  eWrf  lA^ere  ^qual ;  jlnd 'ifaeD  ^ 
equal  pressures  would  balaneeone  aftotli«T> aikd  faiftalnat  rest 

Cor.  1.  flinice^  «iiy  id^  6o«^  oif  OHI,  vfkotepifti^cmmci  he  {Son- 
dented,  being  immetted  m  a  fluid  enebited  tn  a  iteml,  ttnd-tlihm^ 
cmiprened on  every  iide^tke htufy  wUi retahi iUj^un^  and hff^'^no 
chmgefrom  the  conqfreuion  of  the  ^antkient  fluid.  And  utt  it$  pUfU 
vnil  remmnat  rtti  among  ihenmehetf  and  in  the  tame  compteeted 
stale  «s  theJlMd, 

Cor.  2.  The  motion  of  my  MkudA  body  <u  £,  ^r  4f  «My  vmi^ 
rfbodiet,  ioill  not  beat  all  changed  by  the  empreuion  of  the  fluid, 
but  will  remain  the  same  a»  before. 

^or,  ibe  (K>inpredsi(m  actitig  every  way  aHke,  can  make  noclttH 
ration  in  the  motion  of  bodies. 

Cor.  3.  In  an  if^lexible  vessel,  a  fluid  wHl  not  sustain  a  stronger 
pressure  on  one  side  thart  another;  mtt  unit  give  ilw^  to  amf  excess  of 
pressure  in  a  moment  of  time,  and  be  reduced  to  an  equality  ofpre^ 
sure. 

PROP.  LXXXIX..  (Jig.  13.  Fl  XII.) 

If  air,  or  any  elastic  FLTJID  O^  small  Jitti^iTt,  B£  Sfil^T  UP 
IX  A  CXOSE  VB8SEL,  EVERT  PART  OF  IT  WILL  BE  IV  THE  SAME 
COMPRESSED  STATE. 

For,  let  ABCD  be  a  vessel  full  of  enclosed  air,  then  (be  aSr,  ftt 
equal  altitudes  within  the  vessel  will  be  iu  the  same  state  6f  cbth- 
pression ;  and  the  compression  in  the  bottom  of  the  vessel  tAxi 
only  exceed  that  at  the  top,  by  the  Wei^t  of  a  column  of  air  of  the 
height  of  the  vessel  AC,  (by  Cor.  1.  f^rop.  LXXXlI.)  but  the 
weight  of  such  a  column  of  air  is  insensible  in  respect  of  the  exter- 
nal pressure,  or  the  pressure  of  die  height  of  the  atmosphere.  And, 
therefore,  the  compression  in  every  part  6f  the  ve$del  maybe 
looked  upon  to  be  the  ssfflie. 

Cor.l.  Jn  Uke  manner,  the  compression  qfthe  air  in  any  two  places 
near  the  eartVs  surface  is  very  nearly  the  same. 

For  the  difference  is  only  the  weight  of  a  column  of  air,  whose 
height  is  the  difference  of  the  heights  of  the  two  places,  which  is 
very  inconsiderable. 

Cor.  2.  If  air  be  compressed  in  any  vessel  by  the  pressure  of  the 
extenud  air,  its  elastic  firce  is  equtd  to  the^firce  and  pressure  of  the 
external  air. 

Cor.  3.  The  air  does  the  same  thing  by  its  spring,  as  a  non^elastic 
fluid  does  by  its  U)eight  or  pressure. 
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For  the  spipg  or  dasticitj  <rf  tlye  ^r  is  tiit  Ibic^  it  fiert 
against  the  force  of  compressiODi  and|  thierefore,  must  be  equal 
to  it. 

ScHpLiuH, — ^Tliattbe  air  is  a  heavy,  elastiCy  compressible  bodY, 
is  confirmed  b j  many  ezperimepts  made  for  that  purpose.  Its 
properties  ^  &ese. 

1.  The  air  has  some,  teugh  a  Teiy  qnaB  degree  of  weight, 
ivfaich  is  so  small,  that  it  hasdly  hnronaM  sensime,  hot  in  the 
weight  of  the  whole  alwMphere,  or  bod|r  of  air  eadosing  the 
earth.. 

%  The  air  is  an  elastic  fluid,  and  capable  .pf  being  condensed 
and  rarified.  And  when  it  is  condensed  or  forced  into  a  less 
spac^  its  spring,  or  the  force  it  fowcts  to  unbend  itself  is  propor- 
tional to  the  force  that  compresses  it.  And  the  space  any  given 
.qwi^My  .tato  op^  is  redprocaHgr  u  the  compresa&g  forae ;  or  its 
Ma^ci^y.is  as  its  density. 

3.  AU  the  air  near  the  earth  is  in  a  compressed  state^  by  tl^ 
wei^t  of  the  atmosphere  or  body  of  the  air  above,  which  com- 
presses it.  And,  from  hence,  the  density  of  the  air  grows  conti- 
nuallv  less,  the  higher  it  is  above  tiie  sor&ce  of  the  earth.  The 
y9f^^€4  tl|e.  atmosphere  at  ttivB  suiftuse  of  the  aarthis,  at  a  me*  ' 
dlum,  about  14|  lb.  averd^  upon  every  square  inch.  But  at  dif- 
ferent times  it  differs,  by  reason  of  winds,  hot  or  cold  weather, 
&c.  But  the  height  of  Uie  atmosphere  is  uncertain,  by  reason  it 
grows  continually  more  rare  towards  the  top  tfll  it  vanishes.  The 
weight  of  the  atmosphere  is  equal  to  the  weight  of  water  1 1  yards 
high. 

4.  The  spring  or  elasticity  of  the  air  is  increased  by  heat,  and 
decreased  by  cold,  so  that  n  any  quantity  of  air  be  enclosed  in  a 
veuel,  it  will  have  a  greater  spring  or  pressure  when  heated,  and 
will  40Be  part  ^its  spring  by  eold. 


PROP.  XC. 

To  FIKD  THE  SPECIFIC  ORAVITT  OF  BODIES. 

€asb  I. 

J^itJbeOitoMiad^beavkrlkimnoaiePfyrm^k  exaetly,  first  in 
air, .and  then  in  wpteiv  ^  some-  fiuid  whose  epeeillc  gravity  -you 
know*;  and  left' 

•      -Theabifdutewei^qftke  body  =  A, 
TheMfejghfinj^Uer^.Sfc.  =p, 

TTte  ^icmcgrav^ 
The  spmjiegnmfy  o/thi  hodyiz:  D, 
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ncmtsOrDz: ^:-JC,tke^eeificgravUyqfthehoi^. 

Ji,  ——  B 

CaseII. 

Far  m  9olid  hoify  Bghter  tikm  water.  Take  any  piece  of  metal 
and  tie  h  to  a  piece  of  the  light  body,  so  that  the  compoood  may 
sink  In  ^ifater ;  and  patting  A,C,  D,  as  in  Case  I.  and   . 

Ezzwe^hi4fikewuiaiiMwmier. 
Tz^we^^ikecompmatdimwatar. 
AP 

Them  D=: ^:L.--^tke^^fi:graviiyoftheligktb(Mfy. 

A  +  K — r 

Case  m. 

Fbr  m  ^^md:  Take  a  sofid  body  of  known  specific  fgamtr, 
wfaidi  will  sink  in  die  fluid.    And  patting  the  same  letters  as  m 

Case  I.   TkenwiUCzz  ^lIZ^,  the  specific  grav'Uy  of  the  Jlui^ 

A. 

Or  this:  , 

Take  a  bodydiat  will  sink  in  the  fluid,  and  also  in  wSitefi  and 
let 

A  z=  ^wbaeweigkt  of  the  boify, 

B  =  tts  weight  m  water ^ 

G  =  its  weight  m  the  Jluidy 

C  =  Jpect^  gren^  iJT  water, . 

Z  zn  speafic  g;ravityofthefttudreqmredy 

*    Then  Z  =  ^Zl2.C. 
A  — B 

But  for  mercury,  or  for  powders,  dust,  or  sn^all  firagments  of 
bodies,  you  must  use  a  glass  or  metsil  bucket,*  ob^rving  to 
balance  its  weight  both  in  air  and  water.  And  for  bodies  that 
will  dissolve  in  water,  weigh  them  in  oil  of  turpentine  instead  of 
water.    When  the  body  is  weighed  in  the  fluid,  it  must  be  sus- 

Seuded  by  a  horse  hair,  or  a  fine  silk  thread.  Note,  if  the  body  and 
uid  be  near  the  same  specific  gravity,  your  work  will  be  more 
exact. 

To  demonstrate  the  rules,  it  is  evident,  (by  Prop.  LXXXV.) 
that  a  body  weighed  in  water,  losed  the  weight  of  as  much  water. 
Therefore,  iu  Case  I.,  the  weight  of  an  equsd  quantity  of  water  is 
A  —  B.  But  (by  Def.  11.)  the  specific  gravities  are  as  the 
weights  of  equal  quantities  of  matter;  therefore  A  —  B  :  A  ; ; 

c :  D. 

And,  in  Case  II.  F  —  £  =:  weight  of  the  light  body  in  water, 
(which  is  negative  when  E  is  greater  than  F)  and  the  weight  of 
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an  equalquantity  ofwateris  A  —  F — EorA+  E^F,thei«* 
fore,  (as  in  Case  I.)  it  is  A  +  E  —  F  :  A  ::  C  :  D.  And  the 
rule  is  equally  trae,  whether  D  be  lighter  or  heavier  than  water. 


In  Case  III.,  since  D  =:  ^ 


C,  therefore  C 


—  A— B| 


A— B    '  A 

Or  in  the  other  rule;  A —  B  =:  weight  of  as  nrach  water,  and 
A  —  G  :=  weight  of  as  much  of  the  fluid,  and  the  speci^c  grari* 
ties  being  as  tl^  weights  of  equal  quantities  of  the  matter;  there* 
fore,  A  — B   :  A  — G::  C:Z, 

Cor.  1.  Hence,  if  a  piece  of  mettUf  or  amf  $ort  qfwuiier  i»  offered 
to  know  what  tort  it  if  of^jmi  itt  specific  gramiy  by  the  rule  Ohove^ 
whkh  seek  in  the  foUowmg  taUe;  and  the  nearett  to  it  givee  the 
name  of  the  boefy,  or  whet  kind  it  it  of. 

Cor.  2.  Andtofind  the  solid  content  qfe  small  bodgf  heavier  than 
water.  Weigh  it  in  air  and  water,  aud  the  difference  of  (he  weights 
reduced  to  gramt,  being  divided  by  256,  the  quatimt  it  the  cubic 
inches  it  contains. 

For  a  cubic  inch  of  water  weighs  256  grains  ;.oic  a  cubic  foot 
weighs  76  lb.  troy,  or  62|  lb.  aferdupotse,  which  is  but  254  gndns 
to  aA  indi. 

Cor.  3.  EJence,  also,the  solidity  of  a  body  being  known,  the  weight 
may  be  found,  and  the  contrary,     Thais,  put  n  ^  0.5275  ouncet 

H,  or  0.5787  ouncet  aoerdm^ome ;  and  !>.:=:  specific  graoity  of  the 
f  by  thefoUowing'  table;  then  as  1  f  fiD  ::  s(£d  content  in 
es  I  weight  inounces;  and  one  being  given  finds  the  other* 

For  the  weight  of  a  cubic  inch  of  water  is  .5275  oc  troy,  or 
•5787  oz.  averdupoise. 

A  TABLE  OF  THE  SPECEFIC  GRAVITIES  OF  BODIES. 


Finegold 19.640 

Standard  gold 18.888 

Lead...... 11.340 

Fine  silver    11.092 

Standard  silver ......  10.536 

Copper  9.000 

Copper  halfpence 8.915 

Fine  brass 8.850 

CastBrass.,. 8.100 

Steel    7.850 

Iiotu 7.644 

Pewter    7.471 

Tin 7.320 


Cast  iron 7.000 

Lead  ore. 6.200 

Copper  ore.. 5.167 

Lapis  calaminaris  ....  5.000 

Loadstone 4.930 

Crude  antimony 4.000 

Diamond 3.517 

White  lead 3.160 

Island  crystal 2.720 

Marble    2.707 

Pebble  stone 2.700 

Coral J, 2.700 

Jasper 2.666 
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Rock  ciystal  . . . 

Pearl 

&Iass 

Rint    

OnjpL stone; . . . . , 
CoxnmoD  stone  . . 
Glauber  salt  . . . . 

Ciystal 

Ojst^r  shells 

Brick 

di^clh 

Nitie 

Vitriol 

Alabaster    

Horn 

Ivbiy 

Brimstone  ...... 

Chalk... 

Borax 

Alhim.'. ....:..; 

Clay 

Dry  bone    

^nmane  cakidis 

Sand   , 

.Gum  arabic. 

PpiiiQi. .;. 

Xagnun^vilae  .... 


2.650 

2.630 

2.600 

2.570 

2.510 

2.500 

2.250- 

2.210 

2.0d2 

2.000 

1.984 

1.900 

1.880 

1.874 

1340 

1.850 

1.B00 

1.793 

1.717 

1.714 

1.712 

1.660 

1^42 

1^0 

1.400 

1.350 

1.327 


Coal    

Jet 

"Coral 

Ebony 

Pitdr 

Rosin 

liiahogany 

Amber. 

Brazil  wood 

Box  wood • 

ComnK>n  water. 
Bees' wax 


Logwood 

Ice 

A5h(dry)   :..... 
Plumtree  (dry)  . . 

Elm  (dry) 

Oak  (dry)  ....  .. 

Yew 

Crabtiee 

Beech  (dry)    .... 
WlOnutMtiee  (4iy) 

Cedar 

Fir.... 

Cork 

Newifiadlen  snow  .' 


FLUIDS. 


Quicksilver. . . 
Oil  of  vitriol  . 
Oil  of  tartar. . . 

Honey 

Spirit  of  nitre . 
Aquafortis  ... 

Treacle  

Aqua  regia . . . 
Spirit  of  urine. 
Human  blood , 

Sack 

Urine 

Milk 

Sea  Water  . .  . . 


14.000 
1.700 
1.550 
1.450 
1.315 
1.300 
1.296 
1.234 
1.120 
1.054 
14X33 
1.0dli 
1.031 
1.030, 


'Serum  of  *human  blood 

Ale 

Vinegar  

Tar 

Watee  

Distilled  Waters. 

Red  wine  « .  .  ^ 

Linseed  oil ....  ^ ..  w . . 

Braiidy  .  < 

Df  1  olive  ^ . . .  .r 

Si^irit  of  turpentine. . « . 
Spirit  of  wine ......... 

Qd  of  turpentine*  • « . . . 
Common  air  ..  *..... 


1.250 

1.23B 

1.210 

1.177 

1.150 

1.100 

1.063 

1.040 

1.031 

1.030 

1.000 

•955 

.940 

.913 

.908 

.838 

.826 

.801 

.800 

.760 

.700 

.700 

.650 

>619 

^80 

.238 

.086 


1.030 

1.028 

1.026 

1.015 

1.000 

.993 

.990 

.9^ 

.927 

.913 

,874 

,866 

.810 

X)012 


In  this  table  you  have  ihe  mean  specific  gravities.    For  tiiere 
is  some  difference  in  different  pieces  of  the  same  sort  of  body,  by 
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reason  of  their  different  goodness,  fineness,  compactneis,  textumy 
dryness,  being  more  or  less  free  from  mixture,  &c.  And  some- 
times by  a  greater  degree  of  heat  or  cold,  which  affect  all  bodies  a 
little,  from  whence  there  will  arise  a  sensible  difference  in  di^ 
ferent  parcels  of  the  same  sort  of  matter,  in  almost  all  bodies, 
whether  solid  or  flnid.  Particularly  in  wood  tbeie  is  great  dif- 
ference, for  green  wood  is  far  heavier  than  dry  wood,  rad  some 
green  wood  will  sink  in  water,  as  elm. 

PROP.  XCI.  (Tig.  2.  PI.  xin.) 

The  centre  of  pressure  of  'ant  plane  sustaining  a  fluid 
pressing  against  it,  is  the  same  as  the  centre  of  percus- 
sion, supposing  the  axis  of  motion  to  be  at  the  inter- 
section of  this  plane  with  the  surfacfc  of  the  fluid. 

The  centre  of  pressure  is  that  point  against  which  a  force  being 
applied  equal  and  contrary  to  the  whole  pressure,  it  will  just  sus- 
tain it,  so  as  the  body  pressed  on,  will  incline  to  neither  side. 

Let  AF  be  the  surfiice  of  the  water,  O  the  centre  of  pressure; 
draw  AG,  and  parallel  to  AF,  draw  cbd.  Then  the  pressure 
against  any  small  nart  cdyis  aa  cd  and  the  depth  of  the  fluid, 
that  is,  as  a/  X  Ao.  And  the  force  to  turn  the  plane  about  O, 
is o^  X  Ab  X  bOyOT  cd  X  Ab  x  AO  —  cd  X  A6«.  And  the 
sum  of  them  all  must  be  equal  to  0.  Therefore,  AO  zz 
fumafaU  cd  x  Ab'  ^^^  therefore,  (by  Prop.  LVII.)  O  is  the 
mnofalt  cd  X    Ab  >\J        V  J 

same  as  the  centre  of  percussion. 

Cor.  1.  The  centre  ofpreuure,  upon  a  plane  parallel  to  the  hori-' 
sum,  or  upon  ar^flane  where  the  preuure  is  wuforrn,  is  the  same  as 
the  centre  qfgravitj/  of  that  plane. 

For  the  .pressure  acts  upon  every  part,  in  the  same  manner  as 
gravity  does. 

Cor.  2.  The  quoKtity  of  pressure  upon  any  plane  surface,  is  equal 
to  that  of  the  same  plane,  placed  parallel  to  the  horizon,  at  the  depth 
where  its  centre  of  gravity  is;  and  the  same  is  true  of  asny  number 
of  surfaces  taken  together. 

Fbr  the  whole  pressure  is  as  the  sum  of  all  the  A6  x  cd  ;  and 
upon  the  whole  figure  placed,  at  the  centre  of  gravity,  it  is  ABC 
X  dbtance  of  the  centre  of  gravity,  from  A.  But,  (by  Cor.  3. 
Prop.  XLIV.)  these  products  are  equal.  And  the  same  may  be 
proved  for  several  surfaces,  or  the  surfrtce  of  any  solid,  taking  the 
centre  of  gravity  of  all  these  surfaces. 
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PROP.  XCII.    (Fig.  1.  FL  VII.) 

To  FIND  THE  CENTRE  OP  EQUILIBRIUM  OF  A    BODY,  OR  A  SYSTEM 
OF  BODIES,  IMMERSED  IN  A  FLUID. 

The  centre  of  equilibrium  is  the  saitie  w&t&  r^pect  to  foodies 
immersed  in  a  fluid,  sis  the  ceAtre  of  gravity  is  to  bodies  in  free 
space ;  it  is  a  certain  point,  upon  which,  if  the  body  or  bodies  be 
suspended,  they  will  rest  in  any  position. 

Let  A,  B,  C  be  three  bodies,  or  the  quantities  of  matter  in  them ; 
Vyqyr  their  relative  gravities  in  the  fluid;  1  =:  absolute  gravity. 
Ilien  pA,  gB,  rC  are  the  weights  of  A,  B,C  in  the  fluid.  Let 
G  be  the  centre  of  equilibrium.  Then,  by  the  ssMne  reasoning  as 
in  Prop.  XLVII.,  the  sum  of  the  forces  of  A,  B,  C  ispA  X  Aa 
^gB  X^  +  rCxCc=:Ggx  pA+gB-^rC,  the  sum  of 
the  forces  or  weights  when  situated  in  G.  Whence  Gg  rr 
A«XpA  -f  B6xyB4-Ccxr€  ,^  ^^^  of  the  centre  of 

pA  +  ^B  +  rC  ^  -^ 

eguUibriunrJrom  ST,  m  the  fivid.  And  if  any  body,  as  A,  is 
Iq^ter  than  the  fluid,  then  its  relative  gravity  p  will  be  negative. 
And  if  any  body  is  situated  on  the  other  side  of  the  plane,  its  dis- 
tance firom  it  must  be  taken  negative. 

;  Cot,  If  the  body  or  bodies  be  komcgeneous,  the  centre  of  eguUi-' 
briwn  is  the  same  as  the  centre  of  gravity. 

Scholium. — The  relative  gravity  is  ftmnd  thus  :^  -  Take  &e  s)pe- 
cific  gravity  of  the  fluid  from  that  of  the  body,  and  divide  the  le- 
mainder  by  the  specific  gravity  of  the  body.  And  thes€  specific 
gravities  are  had  by  Prop.  XC. 


PROP.  XCIII.    (Fig.  6.  PL  VIII.) 

If  a  system  of  bodies  oscillate  in  a  fluid,  without  RESIST- 
ANCE ;  TO  FIND  THE  LENGTH  OF  AN  ISOCRONAL  PENDULUM 
VIBRATING  IN  VACUO. 

Because  particles  of  difl^rent  specific  gmities,  placed  in  any 
given  point)  will  require  difierent  times  of  vibrating  in  the  fluid; 
therefore  we  must  find  the  point  where  a  particle  <^  infinite  den- 
sity beiiig  olaoed,  will  vibrate  in  the  same  time  as  the  system  : 
and  tids  wfll  be  the  centre  of  oscillation.  For  this  partide.  will 
lose  nothing  of  its  weight  in  the  fluid ;  its  relative  gravily  beiqg 
the  same  as  the  absolute.  >^ence,  the  vibrations  of  this  partide 
wiU  be  performed  in  the  same  time  as  invapuo. 

Let  A,  B,  C  be  three  bodies^  or  their  quantities  of  matter ; 
pf  ff  r  their  relative  gravities  in  the  fluid ;  1  zz  absolute  gravity. 
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TbenfA,  ^B,  rC  ve  tiw  weights  of  the  bodies  in  the  fluid.  Let 
G  be  the  centre  of  equUibriiiiD ;  and  O  the  centre  of  oscfllfttion 
sought.  Put  I  =  A  X  SA*  +  BxSB'+  CxSC«.  Then  (by  the 
same  reasoning^  and  constnictiony  as  in  Prop.  LMII.)  the  angu- 
lar velocities  which  the  bodies  A,  B,  C  generate  in  the  system  are, 
=S01M    SnxjB    SdxjC.  ^u«,  whole  ««ular«kK 

S  If 

city  generated  by  them  all,  i,--Se  X  M  +  SnxyB  +  Srfx  f€ 

8 

Likewise  the  angular  velocity  which  the  particle  P,  situated  in 

O,  generates  in  the  system,  is        ^      or        .  But  their  vibra- 

^        '     P  X  SO«    SO* 
tions  are  performed   alike;    therefore  their  angular  velocities 
must  be  equaL     J\M  j.-Se  X  M  +  «»  X  gB  +  M  X  K? 

f 

=  -^: ^       ./      Whence  SO  =    Jl.     ^        '^ 

SO*   —  SO  X  SO  SG      ^ 

-—-, ? But  (by  Prop.  XCII.) 

—  Sc  xM  +  Snx<7B  +  SdxrC  ^ 

-ScX|»A+S»X9B+SrfXrC  =  Si^  XpA  +  qB+rC;  there-' 
foreSO  =  Aj^AM:JjcSB«.f(5xSC»^^  ^,  ^ 

SG  X  M  +  jB  +  rC 
an  uocrofud  pendulum,  out  ofihtfimd: 

Cor.  1.  (Fig.  6.  Pl.Vm.)  Hence,  if  the  bodies  are  komogtmoia, 
thenp=  q  =  r;  cmrfSO  ,,  A  x  SA«+B  X  SB«+C  X  SC 

px  SGk  A  +  B  +  C 
Cor,  2.  The  ^^tem  makes  an  exceeding  small  vibration  in  the 
fiddyki  tie  MRte  time  that  a  sinmle  pmdulum,  whose  length, 90 
AxSA«+BxSB>  +  CxjC'^  ^^  ,  ,,ift„^  i„.,^, 

SG  xM>^B  +  '^ 

Tor  the  velocity  of  the  system  being  very  small,  the  resistance 
is  inconsiderable. 

Cor.  3.  Hence,  ifSA  be  the  length  of  a  sin^  pendulum  {A),  ri- 

Wing  in  a  fluid:  then  .-^.M  the  length  of  fln  iscpcrpnal  pmdi^ 

*um  ifi  vacuo*  . 

For  in  a  single  body,  SO  =  ^r^^  orl^! " 

Cor.  4.  And  ifp  be  negative,  of  the  pendulum  ipedfiodfy  lighter 


Digitized 


by  Google 


122  HYDROSTATICS.  Sect.  IX. 

than  the  fluid  ;  the  pendvhan  will  tumtqfiide  down,  and  vibrate  up- 
wards m  the  fluid.    And  the  length  of  an  isocronal  pendulum  out  of 

the  fluid,  will  he^yOS  lefore. 
P 

Scholium.— The  centre  of  percussion  is  the  same  in  a  fluid  as 
out  of  it.  For  tbere  is  nothing  concerned  in  that,  but  the  quanti- 
ties of  matter  and  velocities;  both  of  which  are  the  same  in  the 
fluid,  as  out  of  the  fluid. 

The  relative  gravities  p,  q,  r  are  found  by  the  Scholium  of  the 
last  Prop. 

PROP.  XCIV.    (Jig.  3.  P/.  XIII.) 

If  a  fluid  euns  through  any  tube,  pipe,  or  canal,  and 
always  fills  it,  its  velocity  in  any  place  will  be 
reciprocally  as  the  area  of  the  section  in  that  place. 

Let  AB,  CD  be  two  sections  at  A  and  C ;  and  let  the  quan- 
tity of  the  fluid  ABDC,  in  a  very  small  time,  be  translated  into 
the  part  abdc  of  the  pipe.  Draw  Pp,  Q^  perpendicular  to  AB, 
CD,  or  parallel  to  the  motion  of  the  fluid ;  then  P/7,  Q^  being 
indefinitely  small,  will  be  the  velocities  of  the  fluid  at  P  and  Q, 
or  the  spaces  described  in  that  small  p&rt  of  time.  .  Then,  be- 
cause the  pipe  is  always  full,  the  quantity  ABDC  zzahdc.  Take 
from  both,  the  part  a^DC,  which  is  common;  and  there  re- 
mains AB^  ^  CD<2c,  that  is  the  section  APB  x  Pp  =  section 
CQD  X  Q^. 

Cor,  1.  !2%e  quantity  of  motion  of  the  fluid  in  tl*e  pipe  AD,  at 
any  section  CD,  is.  equal  to  the  motion  of  a  cylinder  ofihatflmdy 
whose  base  is  CD,  and  length  the  same  with  the  pipe  from  the  6e- 
gimdng  to  that  section,  ami  velodty  that  of  the  fluid  at  CD.  Or 
the  quantity  of  motion  at  CD,  is  as  the  length  if  the  pipe  to  that 
tectum  CD, 

For,  since  the  velocity  in  A  is  as -_^  the  motion  of  ABba 

APB 

is  —  ^  that  is  as  Pp ;  and  the  motion  of  the  whole  is  as  the 

APB 
suja  of  all  the  Pp,  or  the  length  of  the  pipe,  without  any  regard 
to  the  diameter  AB.    The  cylinder,  whose  base  is  CQD,  and 
height  PQ  is  :=  PQ  x  CQD;  and  its  motion  with  velocity  at  C, 

is  z:?SiL9S5.  =  PQ  the  length  of  the  pipe,  as  before. 
CQD  ^        •- 

Cor,  2.  If  water  is  driven^  through  the  pipe  PR  bysomeginen 
force  acting  at  P,  and  the  length  of  the  pipe  PR  be  given;  the 
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gumUHy  of  water  dueharged  afBLyina  mami^  or  mtme  ginem  tme^ 
mil  heat  the  weetkm  at  R. 

For  if  the  force  is  given,  the  motion  generated  in  a  given  time 
will  be  given ;  and  this  motion,  being  as  the  qnanti  W  of  water  x 
velocity  at  R ;  dierefore  the  quanti^  forced  through  R,  will  be 
redmocally  as  the  velocity,  or  directly  as  the  section  at  R,  by 
thisProp. 

.  Cor.  3.  The  vdocUy  4^  gumUity  of  moHon^  "ii  ike  mme  very 
near  in  crooked  hAe$  at  in  Uraigki  ones  ;  and  injiipet  divided  into 
several  branches,  taking  the  tectionofaU  the  brancha  of  the  section  of 
oat  tube. 

PROP.  xcv.  (1%.  4.  PL  xra.) 

In  ant  pipe  whose  section  is  ABCD,  the  stebss  ob  fokce  to 
split  any  paet  of  the  pipe  at  b,  is  equal  to  half  the 
pressure  of  the  fluid  upon  the  plane  bd,  drawn  per- 
pendicular to  the  curve  in  b,  and  of  the  same  lenoth 
as  that  part  of  the  pipe. 

Let  £e  be  any  small  part  of  the  sniface ;  draw  £0  perpendicular 
to  the  curve  Ee ;  draw  En,  en  perpendicular  to  BO,  and  er  perpen- 
dicular to  EN.  And  let  0£  represent  the  pressure  of  a  particle  of 
the  fluid,  then  EOx  £e  =  pressure  upon  Ee.  The  force  OE  may 
be  divided  into  the  two  ON,  N£;  of  which  ON  tends  only  to  split 
the  tube  at  A,  but  that  in  direction  NE  is  the  force  to  separate 
the  parts  at  B.  Therefore  EN  x  £«  is  the  stress  at  B.  But  the 
triangles  Ecr,  EON  are  simihur,  and  E^  x  EN  =  EO  X  er,  or 
£0  X  Nn.  Therefore  the  part  of  the  pressure  on  Ee,  in  direc- 
tion NE,  from  whence  the  stress  at  B  arises,  is=:  EO  x  Nn,  that 
is  =:  to  the  pressure  upon  the  plane  Nn.  Consequently  the  stress 
arising  from  the  pressure  on  BE  is  =:  pressure  on  BN,  and  from 
the.  pressure  on  BA  is  =  pressure  on  BO.  And  the  stress  at  D 
hy  the  pressure  on  AD,  is  equal  to  the  pressure  on  OD. 

Also,  we  suppose  the  same  forces  acting  in  the  semi«circle 
BCD :  but  these  serve  only  to  keep  the  forces  acting  upon  BAD 
in  equilibrio. 

Cor.  1.  The  stress  on  any  part  of  a  pipe  Ml  of  water,  is  at  the 
diameter  of  the  p^,  and  the  perpendicular  height  of  the  water  above 
that  place;  and,  consequently,  the  thickness  of  the  metal  ought  to  be 
in  that  ratio. 

Cor.  2.  In  any  concave  surface,  cask,  or  vessel,  generated  by  re- 
vohnng  round  an  axis,  and  filled  ufith  a  fitdd,  the  stress  as  to  spUt^ 
Oii^  is  equal  to  half  the  pressure  tmon  Ste  plane  passing  through  its, 
am.  And  the  streu  on  both  sides  at  B  and  D«  equafto  the  whole 
pressure  on  that  plane. 
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Cor.  3.  Hencey  the  intemal  pressure  on  amf  Ihigtkqftke  pipe^  u 
to  ^stress  it  suffers  as  to  splitting  H  as. 2  X .  3.141^/iO  1. 

Cor,  4.  Benie  it  foUowSy  that  the  ■  strtKy  arising  ftom  dn^.  pra^ 
tttrey  upon  any  party  to  split  it  longitudinatiyytrantversefy,  or  iA  amf 
direction^  is  equal  io  the  prtssure  vpan  a  pUsne'y  drawn  perpendiottlar 
to  the  Ime  of  dxredion.  Thus  the  stress  arising  from  the  prenmrt 
on  BE  is  rzz  pressure  on  BN. 

' .  Got,  5.  And  if  the  p^  hefltxibkyit  willy  hy  the  pressurey  he  put 
into  a  cylindrical  form,  or  such  that  the  seetion  is  ttcwde. 

For,  if  BD  be  greater  than  AC,  there  will  be  a  greater  pres- 
sure in  direction  OA  than  in  direction  OB;  and  the  greater 
pressure  will  drive  out  the  sides  A  and  C,  till  AC  become  equal 
to  BD,  and  ABCD  be.  a  ciit:le.  Besidite,  a'. circle  is  more  capa- 
cious than  any  other  figure.  And  if  a  pipe  be  not  flexible,  yet 
£he  m^essure  of  t[he  fluid  will  alt^J^' fehd^Vbur  t6  put  it  into  a 
circular  figure. 

.  Cor,  6.  And  if  an  elastic  compressed  fluid  he  inclosed  in  a  vessel, 
flexibhy  and  capable  of  being  distended  every  way,  it  will  form  it^ 
self  into  a  sphercyfor  the  same  reason. 

PROP.  xcvi.  {Fig.  5.  PL  xm.) 

If  A  CLOSE  FLEXIBLE  TUBE  AB  FULl' OF  AIR,  BE  IMMERSED 
WHOLLY  OR  IN  PART  IN  THE  WATER  CDEF,  THE  FORCE  TO 
SPLIT  IT,  IN  ANY  PLACE  O,  IS  PROPORTIONAL  TO  AO,  ITS 
HEIGHT  FROM  A. 

-  For  the  air  compressed  at  A  is  in  equilibrio  witfi  the  exlemal 
pressure  ^  the  Airater.  At  B  and  O  the  air  is  in  the  same  com- 
pressed state  as  in  A;  but  the  external  pressure  at  Byis  leas:by 
the  weight  of  the  column  df  water  AB;  and  at  any  place  O, 
the  external  pressure  is  less  than  in  A^^by  the  weight  of  AO; 
therefore,  the  intemal  pressure  at  O  exceeds  the  external^  by  the 
weight  of  the  column  of  water  AO.  And  the  stress  at  O  is  as 
that  excess. 

Cor.  1.  The  stress  is  greatest  at  the  top  "00,  and  at  A.  is  no- 
thing. 

Cor,  2.  If  the  tube  beinflexibky  the  stress  will  be  according  td 
the  state  of  the  compressed  air  within  it.  If  the  air  within  bt  the 
same  as  the  external  air  at  B.  then  the  stress  at  O  is  as  BO;  If  it 
h0  ies$  than  the  ext^mid  air,  the  in&reiase  of  the  stress-  wUl  be  alsa  as 
BO,  acting  at  the  outside.  If  it  he  of  very  great  dinsityy  the  k^ 
erease  of  stress  at  O  is  as  AO. 

For  the  pressure  within  is  uniform ;  but  without,  it  is  as  the 
depth  of  the  water. 
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PROP.  xcvn.  {Fig.  6.  PL  xra.) 

The  quantity  ov  a  fluid  flowijno  in  ant  time  tbrouoh  a, 
hole  in  the  bottom  or  side  of  a  vessel,  always  kept 
full,  is  equal  to  a  cylinder  whose  base  is  the  a^ea 
of  the  hole,  and  its  length  the  space  a  body  will  de- 
scribe in  that  time,  with  the  velocity  acquired  by 
falling  through  half  trz  height  of  the  liquor  above 

THE  HOLE. 

Let  ADB  be  a  vessel  of  water,  B  tiie  liole,  and  take  BC  =:  BD 
&e  hetgM  of  the  water ;  and  let  the  blinder  of  water  BC  bit  by 
its  weight  through  half  DB,  and  it  will  by  that  fall  acquire  such 
a  motion,  as  to  pass  through  DB  or  BC  nnifbrmty  in  the  same 
time,  by  Cor.  3.  Prop.  XIV.    But  (by  Prop.  LXXXIII.  and 
Cor.  2.)  the  water  in  the  orifice  B  is  pressed  with  the  weight  of  a 
ccdumu  Of  water,  whose  base  i»  B  and  h^gfat  BD  or  BC;  there- 
fore this  pressure  is  equal  to  the  cylinder  BC.     But  equal  forces 
generate  equal  motions;  therefore  the  pressure  at  B  will  sene^te 
'2ie  same  motion  in  the  spouting  water,  as  was  generated  by  the 
weight  of  the  cylinder  of  water  BC.    Therefore,  in  the  time  of 
felling  through  half  DB,  a  cnrlinder  of  water  will  spout  out,  whose 
length  (or  &e  space  passed  uniformly  over)  is  BC  or  B0.    And 
in  the  same  time  repeated^  anodier  eaual  cylinder  BC  vriU  flow 
omt,  and  in  a  third  part  of  time,  a  third,  &e.  Therefore  the  length 
ci  ^e  whole  cylinder  run  out,  will  be  proportional  to  t^ie  time, 
andi,  consequently,  the  velocity  of  the  water  at  B  is  uniform. 
Tlierefore,  in  any  time,  the  length  of  a  cylinder  of  water  spouting 
out,  will  be  equal  to  the  length  described  in  that  time>  with  the 
velocity  acquired  by  fiilling  dirpugh  half  DB. 

Cor,  1 .  hence,  in  the  Hme  of  falling  thrmtgh  kalfpB,  a  quantity 
-of  the  fluid  ruM  out,  epud  to  a  cylinder  whoie  base  ii  ths  hole;  and 
tengtk,  the  height  of  the  fluid  above  the  hok. 

Cor.  2.  IChe  velocity  in  the  hole  B  i$  uniform^  and  it  equal  to  that 
a  heavy  boeb/  acquires  by  falling  through  half  DB. 

Cor.  3.  (Fig.  7.  PI.  XUI.)  But  at  a  mail  distance  without  the 
hole,  the  stream  is  contracted  into  a  less  diameter,  and  its  velocity 
increased;  so  thai  tf  a  fliuid  spout  through  a  hole  made  in  a  thm  plate 
Qfmetcdy  it  acquires  a  velddty  nearfy  equal  to  that,  which  a  heavy 
iofy  acquires  byfaUii^  the  whole  height  of  the  stagnant  fluid  above 
the  hole. 
For  since  the  fluid  converges  from  all  sides  towards  the  centre 
.  of  Ae  hole  BF;  and  all  the  pardcles  endeavouring  to  go  on  in 
right  nnes,  but  meeting  one  another  at  the  hole,  they  wiK  com- 
-jiress  one  another.  And  this  compression  being  every  where 
directed  to  the  axi^  of  die  spouting  cyhnder,  the  pan9*<>f  the 
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fluid  will  endeavour  to  converge  to  a  point,  by  which  means  the 
fluid  wiU  form  itself  into  a  sort  of  a  conical  figure,  at  some  di9tance 
from  the  hole,  as  BEGF.  By  this  lateral  compression,  the  parti- 
cles near  the  sides  of  the  hole  are  made  to  describe  curve  lines  as 
HE,  KG ;  and,  by  tlie  direct  compression,  the  fluid  from  the  hole 
is  accelerated  outwards  at  EG ;  and  thus  the  stream  will  be  con- 
tracted at  E,  m  the  ratio  of  about  ^/^  to  1,  and  the  velocity  in- 
creased in  the  same  ratio. 

It  must  be  observed,  however,  that  the  particles  of  the  fluid 
do  not  always  move  right  forward ;  but  near  the  edge  of  the 
hole,  often  in  spiral  lines.  For  no  body  can  instantly  change 
its  course  in  an  angle,  but  must  do  it  gradually,  in  some  curve 
line. 

Cor,  4.  The  fluid  at  the  same  depths  spouts  otd  nearly  with  the 
same  velocity,  tqnoerds,  downwards^  sideways,  or  in  any  direction. 
And  if  it  spout  vertically ^  ascends  nearly  to  the  upper  surface  of  the 
fluid: 

Cor.  5.  The  velocities  ofthefluid,  spouting  out  at  different  depths^ 
are  as  the  square  roots  of  the  depths. 

For  the  velocities  of  falling  bodies  are  as  the  square  roots  of  the 
heights. 

Cor.  6.  Hence,  ifsiztd  ^^feet,  D  =  depth  of  the  vessel  to  the 
centre  of  the  holcy  F  zz  area  of  the  hole,  all  in  feet,  t  n  time  in 
seconds  ;   then  the  quantity  of  water  running  out  in  the  time  t,  by 

this  Prop,  will  be  tY^iSTfeet,  or  6.128fFis/ 2Di  ak  gallons. 

Scholium. — ^There  are  several  irregularities  in  spouting  fluids, 
arising  from  the  resistance  of  the  air,  the  friction  oi  the  tubes,  the 
bigness  and  shape  of  the  vessel,  or  of  the  hole,  &c.  A  fluid 
spouts  farthest  through  a  thin  plate ;  if  it  spout  through  a  tube  ior 
stead  of  a  plate,  it  will. not  spout  so  far ;  partly  from  the  friction, 
and  partly  because  the  stream  does  not  converge  so  much,  or 
grow  smaller.  A  jet  d'eau  spouts  higher,  if  its  direction  be  a 
little  inclined  from  the  perpendicular ;  because  the  water  in.  the 
uppermost  part  of  the  jet,  falls  down  upon  the  lower  part,  and 
stops  its  motion.  We  find  by  experience,  a  fluid  never  spouts 
to  the  full  height  of  the  water  above  the  hole ;  but  in  small 
heights  falls  short  of  it,  by  spaces,  which  are  as  the  squares  of  the 
heights  of  the  fluid.  And  all  bodies  projected  upwards,  frdl  short 
of  those  projected  in  vacuo,  by  spaces  which  are  in  the  same 
ratio,  from  the  resistance  of  Ihe  air. 

By  experiments,  if  the  height  of  a  reservoir  be  five  feet,  a  jet 
will'&U  an  inch  short;  and  the  defect  will  be  as  the  square  of  ue 
height  of  tt^e  reservoir.  But  small  jets  fail  more  than  in  that  pro- 
portion, from  the  greater  resistance  of  the  air. 
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PROP.  XCVIir.   iFig,  8.  PL  XIII.) 
If  a  notch  or  SLiTy^Ai,  in  form  of  4  parallelogram,  be 

CUT  OUT  OF  THE  SIDE  OF  A  VESSEL  FULL  OF  WATER,  ADE, 
THE  QUANTITY  OF  WATER  FLOWING  OUT  OF  IT,  WILL  BE  TWO- 
THIRDS  THE  QUANTITY  FLOWING  OUT  OF  AN  EQUAL  ORIFICE, 
PLACED  AT  THE  WHOLE  DEPTH  gt,  OR  AT  THE  BASE  Ai,  IN  THE 
SAME  TIME  ;  THE  VESSEL  BEING  SUPPOSED  TO  BE  ALWAYS 
KEPT  FULL. 

For,  draw  the  parabola  goh,  whose  axis  is  ^1,  and  base  Ai,  and 
ordinate  ro;  then,  since  the  velocity  of  the  fluid  at  any  place  r,  in 
as  ^^  (by  Cor.  5.  of  the  last  Prop.)  that  is,  (by  the  nature  of  the 
paralM>la)  as  the  ordfnate  ro;  therefore  ro  will  represent  the  quan- 
tity discharged  at  the  depth  or  section  m.  Also  At  will  represent 
the  quantity  discharged  at  the  depth  or  base  At.  Consequently 
the  sum  of  all  the  oRlinates  ro^  or  the  area  of  the  parabola,  will 
represent  the  quantity  discharged  at  all  the  places  m.  And  the 
sum  of  all  the  lines  hi  or  m,  or  the  area  of  the  parallelogram 
fgfd,  will  represent  the  quantity  discharged  by  all  the  sections  m, 
placed  as  low  as  the  base  Ai.  But  the  parabola  is  to  the  parallel- 
ogram, as  I  to  1. 

Cor.  1.  Let  i  zzt6  jiJeet.  D  =  gt,  tU  depth  of  the  slit,  F 
z:  area  qftfie  slit, flag.  Then  the  quantity  JUnomg  out  in  any  time 
or  number  of  seconds  f ,  tg  =  |  ^F  s^Ds. 

This  follows  from  Cor.  6.  of  the  last  Prop. 

Cor.  2.  The  quantity  of  fluid  discharged  through  the  hole  mhi, 
is  to  the  quantity  which  wmad  be  discharged  through  an  equal  hole 
placed  as  tow  as  hi,  as  tlte  parabolic  segment  rohi,  to  the  rectangle 
rnhi. 

This  appears  from  the  reasoning  in  this  proposition. 
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SECTION  TENTH. 

THE  RESISTANCE  OF  FLUIDS,  THEIR  FORCES 
AND  ACTIONS  UPON  BODIES  ;  THE  MOTION 
OF  SHIPS,  AND  POSJTIQNLOF  THEIR  SAILS, 

PROP.  XCIX. 

A  BODY  DESCENDING  IN  A  FLUID,  ADDS  A  QUANTITY  OF  WEIGHT 
TO  THE  FLUID,  EQUAL  TO  THE  RESISTANCE  IT  MEETS  WITH  IN 
FALLING. 

For  the  resistance  is  equal  to  the  gravity  lost  by  the  body. 
And,  because  action  and  re-action  are  equal  and  contrary,  the 
gravity  lost  by  ihe  body  is  equal  to  that  gained  by  the  fluid. 
Therefore,  the  resistance  is  equal  to  the  gravity  gained  by  the 
fluid. 

Cor,  1.  l/ahody  ascendsinafltddf  it  diminishes  the  gravity  of 
thefliddy  by  a  quantity  eqiuU  to  the  resistance  it  meets  with. 

Cor,  2.  This  increase  of  weight  arising  from  the  resistance,  is 
over  and  above  the  additional  weight  mentioned  in  Cor,  1 .  Frop. 
LXXXV. 

Cor,  Z,Ifa  heterogeneous  boify  descend  in  a  fluid;,  it  will  endeO" 
vour  to  move  with  its  centre  of  gravity  foremosty  leaving  the  centre 
of  gravity  of  as  much  oftheftuMy  behind. 
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For  the  side  towards  the  centre  of  gravity  contains  mor^  mat- 
ter^  and  will  more  easily  make  its  way  through  the  fluid,  and  bt 
less  retarded  in  it. 

PROP.  C. 

If  ant   body    moves    THAOUGB    a    FLUID^    the    RESiaXAllCB    IT 
IfBKTS  WITH,  IS  AS  THE  SQUARE  OF  ITS  VEKOCITY. 

For  the  resistance  is  as  the  number  of  particles  struck,  and"  the 
telocity  with  which  one  particle  is  struck.  Bat  the  nombtr  of 
particles  of  the  fluid  which  are  struck  in  any  time,  is  as  the  velo- 
city of  the  body.  Therefore  flie  whole  resistance  is  as  the  squaie 
of  the  velocity. 

Cor.  1.^  The  rt$istance»  ofmmHar  hodiu  movmg  t»  mmfjlmdt^  an 
«s  the  square  qf  their  dumtetergy  the  aquarei  of&tir  velaAtiu,  and 
the  denskies  qf  the  fluids. 

For  the  number  of  particles  strack  widi  the  same  veloeitv,  are 
^  the  squares  of  the  diameters,  and  the  densities  of  the  fltids. 

Cor.  2.  If  two  bodies  A,  B,  with  the  same  velocity^  meet  with 

ihe  remstances  p  and  q^  their  velocities  will  he  and  Ji. 

when  they  meet  with  equal  resistances. 

r'or  let  6  be  the  common  velocity,  then  plbh  y,  q  I  ^  ,  and 

P 

hk/  JLrz  veledty  of  A  to  have  the  resistance  q ;  and  since  b  zz 

P 
velocity  of  B  to  have  the  same  resistance  q ;  therefore  velocity  A 

:veiocityB::6Vi-6::-i-:  4— • 

P         »s/P       ^^9  , 

PROP.  CI. 

TtfE<>£HTR£    OF    RESISTANCE  OF  ANY    PLANS    MOVINQ    WRECTLY 
■  FORWARD  IN  A   FLUID,  IS   THE    SAME  AS  THE  CENTRE .  OJ  fiR^ 
v'lTY. 

The  centre  of  resistance  is  that  point,  to  which,  if  a  cont^aiy 
ibrce  be  applied,  it  shall  just  sustain  the  resistance, 

Now^^the, resistance  is  equal  upon  all  equal  parts  of  the  plane^ 
and,  therefore,  the  resistance  acts  upon  the  plane  after  the.  same 
manner,  and  with  the  same  force,  as  gravity  does;  therefore  the 
centre  of  both  the  resistance  and  gravity  must  be  the  same. 

Cor.  t.  In  any  body  moving  through  ajluid,  the  line  qf  direction 
of  its  motion  vjiUpass  through  the  centre  tf  resistance,  and  centre  qf 
ffwjity  qfthe  body. 

For,  if  it  do  not,  the  forces  arising  from  the  weight  anibicflisl- 
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ance,  will  not  balance  one  another,  which  will  cause  the  body  to 
librate  or  oscillate  in  the  fluid ;  till,  by  degrees,  the  situation  of 
these  two  centres  will  fall  into  the  line  of  their  motion. 

Cor.  2.  And,  for  the  same  reoKm,  if  a  globe,  moving  in  a  fhad^ 
otdUate$  or  turns  round  its '  axis ;  that  side,  which  in  oscillating 
moves  against  the  fluid,  suffers  a  greater  force  or  resistance ;  and 
therefore  the  hodtf  is  driven  from  thai  part,  and  made  to  recede  from 
that  side,  and  deflect  to  the  other  side  ;  and,  perhaps,  describe  a  curve 
Une  in  the  fluid. 

PROP.  ClI.    (Fig.  9.  Fl.  XIII.) 

If  a  non-tenacious  fluid,  such  as  the  wisd,  &c.,  move 
against  the  sail  sa,  or  any  plane  surface,  in  direction 
ws,  it  shall  urge  it  in  a  direction  wa  perpendicular 
to  that  surface,  with  a  force,  which  is  as  the  square  of 
the  velocity,  the  square  of  the  sine  of  the  angle  of  in- 
cidence, the  magnitude  of  the  sail,  and  the  density  of 
the  fluid. 

Draw  WA,  and  AC  perpendicular  to  SA,  and  S  W ;  and  the 
forde  of  the  fluid  upon  SA,  is  as  the  force  of  one  particle,  and  the 
number  of  them  falling  on  SA. 

'  But  (by  Cor..l.  Prop.  IX.)  the  force  of  one  particle  is  as  its 
velocity  x*S.  incidence  WSA. 

And  the  number  of  them  (supposing  the  density  to  be  given)  is 
as  their  velociw  x  CA,  or  (supposing  the  sail  SA  given)  as  the 
velocity  X  S.WSA. 

Therefore,  the  force  of  the  fluid  upon  the  sail  SA,  is  as  the 
square  of  the  velocity,  and  the  square  of  the  sine  of  WSA. 

Increase  the  density  of  the  fluid,  and  the  magnitude  of  the  sail, 
in  any  ratio,  and  it  is  evident  the  force  of  the  fluid  against  Uie 
sail,  will  be  increased  in  the  same  ratio. 

Cor.  i.  And  if  a  thin  body  move  in  a  fluid  at  rest,  the  same  law 
holds  m  respect  of  the  resistance  it  meets  with,  in  the  direction  perper^- 
cular  to  its  surface. 

Cor.  2.  (Fig.  10.  PI.  XIII.)  Tfafluidwith  agiven  velodty  move 
in  direction  WS,  against  the  sotT  SA,  its  force  to  move  the  sail  in 
any  given  direction  SB,  is  as  the  smmre  of  the  S.WSA  x  by  the 
S.ASB.  AndifVf%B  be  a  right  angle,  as  S.WSA  X  h  tine  of  twice 
WSA. 

For  let  SD,  DB  be  perpendicular  to  SA,  SB  ;  then  SD  is  the 
whole  force  acting  at  S,  and  SB  the  force  in  direction  SB,  and 
SB  is  as  S.SDB  or  ASB.  And  if  ASB  be  the  compliment  of 
WSA,  then  S.WSA  x  cosine  WSA  is  as  S.  twice  WSA,  by  tri- 
gonometry. 
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Cor.  3.  The  force  of  ajimd  in  direction  WS,  to  move  the  toil  or 
body  SA'  tn  the  same  dtrection  WS ;  it  (fieterit  paribui)  at  the  cube 
of  the  sine  of  incidence  yfS A. 

For  then  WSB  will  be  one  continued  straight  line. 

Cor,  4.  But  the  force  of  a  given  ttream  of  a  fluids  againtt  any 
tad  SA,  to  move  it  perpmdicular  to  itt  turface^  it  limffyat  the  S.    * 
anele  if  incidence;  but  to  move  it  in  the  tame  direction  with  it" 
teff",  at  the  tquare  of  the  S.  tnadenccy  all.  thingt  cite  remaining  the 
tame. 

This  follows  from  Cor.  1.  Prop.  IX.  and  Cor.  2.  of  this. 

Scholium.  I. — ^If  the  angle  WSB  he  given,  the  fluid  will  hare 
the  greatest  force  possible  against  the  sail,  to  move  it  in  direction 
SB;  when  its  position  is  such,  that  the  sine  of  the  diflerenoe  of 
the  angles  WSA  — ASB,  may  be  }  the  sine  of  the  sum  WSB. 

Scholium  IL— (Fig,  9.  PL  Xm.)  If  the  fluid  be  tenacious  it 
will  urge  the  body  in  the  same  direction  with  itself,  and  with  a 
force  which  is  as  the  sine  of  incidence;  or  universally,  as  the  sine 
of  incidence,  the  square  of  the  velocity,  the  magnitude  of  the 
sail,  and  density  of  the  fluid. 

For,  by  reason  of  the  tenaci^  of  the  fluid,  the  sail  is  acted  on 
by  bo^  the  forcea  WA,AS,  which  are  equivalent  to  WS. 

PROP.  cm.    (1%.11.   P/.XIII.) 

If  a  vert  thin  and  ligbt  body  SA.,  plain  on  both  sides,  bb 
placed  in  a  vert  dense  fluid,  which  moves  in  direction 
ws,  and  the  body  can  make  little  or  no  way  through 
the  fluid,  but  only  in  the  direction  of  its  length  sa. 
And  if  the  body  be  obliged  to  move  parallel  to  itself 
IN  A  given  direction  SD;  I  say,  the  body  WILL  BE  so 

MOVED  IN  THE  FLUID,  THAT  ITS   ABSOLUTE  VELOCITY  WILL  BE 

S  WSA 

S^: X   VELOCITY  OF  THE  FLUID. 

SJiSD 

Draw  DT  parallel  to  AS,  and  produce  WS  to  T.  Tben,  whilst 
a  part  of  the  fluid  movea  from  S  to  T,  the  body  will  be  n^oved 
into  the  line  TD ;  and  since  SD  is  the  direction  of  its  motion,  the 
point  S  will  be  found  in  D.  And,  therefore,  the  velocities  of  the 
fluid,  and  of  the  body,  will  be  as  ST  to  SD ;  that  is,  as  S.TDS  or 
DSA,  to  S.STD  or  WSA. 

Cor.  1.  ijTWS  the  direction  qftheftuidy  it  perpendicular  to  SD 
the  direction  of  the  bocbf,  then  the  velocity  of  the  body  SA  wiU  be  = 
tangent,  WSA  X  velocity  of  the  fluid. 
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For    ?i?^   3:  S^^SA    _  ^^^  ^g^  ^^^^^  ^.       _  ^ 
S.ASD  ca«.WSA 

Cor.  2.  -4jm?  Aence,  i/"^^  body  SA  continually  turn  round  an  axis 
parallel  to  WS,  then  the  velocity  q/'SA,  in  direction  perpendicular  to 
WS,  will  be  as  the  tangent  WSA  x  velocity  of  the  fluid. 

For  SA,  in  this  case,  will  always  have  the  same  positioii  to  the 
direction  of  the  fluid,  as  before. 

Cor.  3.  (Fig.  12.  PI.  XIII.)  If  a  very  thin  bodySA  be  obliged 
to  move  parallel  to  itself  through  a  very  dense  fluid  at  rest  4  and.if 
it  be  drawn  with  a  given  velocity  in  direction  always  parallel  to  S  W; 
ks  absolute  velocity  in  the  flmdy  mil  be  rec^tt^cauy  m  the  coskne 
WSA,  and  in  directum  SA. 

Dfaw  AC  perpendicular  to  SW.  Then,  hy  reason  of  the  den- 
sity fC»d  resislance  of  the  fluid,  thfe  body  will  not  he  able  to  aiove: 
laterally,  but  only  in  direction  SA.  But  tl^e  velocities  of  the 
point  S  in  directions  SW,  SA  are  as  SC'to  SA,  or  as  cosine  CSA 

to  radius;  Ilier^9ce  velocity  in  direction  SA  =: !!f^: X  y^ 

^  COS.  CSA 

locity  in  direction  SW. 

PROP.  CIV.  {Fig.  13.  P/.XIII.) 
If  a  plane  stntFACE  SA,  moving  paballtl  to  itself,  with 

VELOCITY  AND  DIRECTION  SD,  BE  ACTED  UPON  BY  A  FLUID 
MOVING  WITH  VELOCITY  AND  DIRECTION  WS ;  AND  IP  WF 
BE  DRAWN  PARALLEL  AND  EQUAL  TO  SD,  AND  FS  DRAWN  ;  I 
SAY,  THE  FLUID  ACTS  UPON  THE  PLANE  IN  THE  ANGLE  FSA, 
WITH  THE  RELATIVE  VELOCITY  FS. 

For  complete  the  parallelogram  WSDF ;  and  let  the  bodybe 
ilt  rest,  and  the  fluid  move  with  the  contrary  motion  DS  or  FW  ; 
and  then  their  relative  motions  will  be  the  same  a^:  before;  jjid 
the  fluid  will  have  the  two  motions  FW,  FDin  respect  of  the  body 
SA  at  rest.  Therefore  (by  Cor.  2.  Prop.  VII.)  the  motion  com- 
pounded out  of  these  is  FS ;  which  is  the  absolute  motion  of  the 
Bttkl, supposing  the  body  at  rest ;  or  the  relative  motion  of  it,  in 
fen^pect'Of  the  moving  body;  and,  therefore,  acts  on  it  in  the 
ftD^leF£^. 

Cor.  if?  falls  in  the  line  S  A,  then  the  fluid  ads  not  at  MUsaok 
ike  body.  And  if  it  fpfls  on  the  contrary,  side  of  if,  then  fhefliii4 
^s  on  ihe icmtriiry »de  pf  the  bodySA. 

Scholium.— The  fluid  will  move  wkh  the  suffice  in  direction 
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SDf  with  the  greatest  force^  when  it  has  tach  a  positioDy  that  the 
sine  of  the  dlflfereiice  of  the  angles,  FS A  —  ASD,  may  be  i  the 
sine  of  the  angle  FSD. 

And  wheti  th6  Angle  WSA  is  giyen,  the  fluid  will  have  the 
greatest  forcie  npoA  the  sail  SA,  to  more  it  in  direction  SD,  when 

the  S.  angle  ASD  is  equal  to  31  X  i  ^  S.  of  WSA. 

PROP.  CV.  (Fig.  14.  PL  Xm.) 

Let  SA  b£  the  sail  of  a  sbip,  SD  the  position  of  hbr  xesl; 
S^c,  DK  PBRPENoicuLAii  to  SA,  SD;  and  if  DE,  DS  be  as 

TBE  EB8ISTANC1SS  T&E  SHIP  HAS  AHEAD  AND  ASIDE,  WITH 
EQUAL  velocities;  and  if  DC  IS  A  MEAN  PROPORTIONAL 
BETWEEN  D£  AND  DK  ;  THEN,  SC  WILL  BE  THE  WAY  OF  THE 
SHIP  -NkARLT. 

For^  let  SK  perpendicular  to  SA  represent  the  force  of  the  wind 
upon  the  sail ;  the  force  SKis  resulted  into  the  forces  SD,  DK; 
SD  is  the  direct  force,  and  DK  the  force  producing  her  lee-wa^. 
By  Prop.  C.  her  resistance  ahead  with  yelociW  SD  :  resistance 
ahead  with  veloci^  D£ : :  SP«  :  D£*,  and  resistance  ahead  with 
v)5locity  OE  :  resUtance  aside  ifHth  velocity  DE  ::  DE  :  SP 
and  resistance  aside  with  velocity  DE ;  resistance  aside  wii 
veloci^  DC.: :  DE* :  BC'. 

Therefore^  ex  ^uo,  resistance  ahead  with  Velocity  SD  ; 
ance  aside  with  velocity  DC  ::  SD«  X  DE*  :  DE«  X  SD  X 

DC« ::  SD  xDE:Dc«. 

But  the  resistances  are  as  the  forces  producing  them,  therefore 

SD : DK  ::  SD  X  DE :  dc»=  de  x  dk. 

'Cori  1.  Let  r'*=  sHijfs  remt^nce  ahead,  R  =:  sMp^s  resittance 
ande^iMh'tJie  tame  velocity,  fiien  R  :  r :;  radius  X  cotangent 
ASD :  tgaHgekt'tqware  ^  DSC,  the  Uevoaxf. 

For,  let  radius  =  1.  tangent  DSK^J.    Th^n  1  :  t  ; :  ^b  : 
DK  =1  ^  X  SD;  and  SD  :  DC  or  -yDEx"5kor  is/*XSDxD12 

::  1 :  tangent  DSC  =:  ^L2L^ 
SD 

Cor,  2.  ifence,  the  timgent  of  the  lee-wav,  in  the  samei^,  is^q* 
the  square  root  of  the  cotangent  of  the  angle  ASD,  which  the  sou 
makes  with  the  keel,  Therrfore,  tf  the  ke-^H^ .  bis  hi&um  far  kmf 
pos&ionqftheieuly  it  wiU  be  known  for  all, 

ScH0Lii][U.p-The  lee-way  of  a  ship  is  gteneraUy  something 
more  than  is  here  assigned;  because  her  hull  and  rigging  will 
make  her  drive  a  little  to  the  leeward,  directly  from  the  wind. 
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PROP.  CVI.    iFig.l.  PI.XTV.) 

If  THE  WIND  WITH  A  GIVEN  VELOCITY,  IN  DIRECTION  WS,  FAIX 
OH  THE  SAIL  SA  OP  A  SHIP,  MAKING  LITTLE  OR  NO  LEE-WAY  ;  IT 
WILL  URGE  THE  SHIP  IN  DIRECTION  OF  THE  KEEL  SD,  WITH  A 
FORCE,  WHICH  IS  AS  S.  WSA«  X    S.ASD. 

Draw  SC  perpendiciOar  to  SA^  and  CD  to  SD.  And  (by  Prop- 
CII.)  the  force  acting  upon  the  sail  in  direction  SC,  is  as  me 
square  of  the  sine  of  WSA.  But  the  forces  in  directions  SC  and 
SD  are  as  SC  to  SD,  or  as  radius  1  to  die  sine  of  SCD  or  ASD. 
Therefore  the  force  in  direction  SD  =  S.ASD  X  force  in  direction 
SC  =  S.ASD  X  S.«WSA. 

Cor,  1.  !%€  force  acting  in  direction  DC  perpendicular  to  the 
keely  tff  as  S.WSA*  x  cosine  ASD. 

.  Cor,  2.  'The  force  in  directum  SDwiU  be  unioerstdfy  as  S.WSA*^ 
X  S.ASD,  and  the  square  of  the  velocity  of  the  windf  and  magm-^ 
iude  of  the  saiL 

Cor.  3.  IV.  velocity  of  the  ship  tn  direction  SD,  is  as  S. WSA  X 
i^S^ASD  X  velocity  of  the  wind. 

For  the  square  of  the  velocity  of  the  ship  in  any  ilirection,  is  as 
the  resistance  in  the  water,  or  (its  equal)  the  force  of  the  wind 
upon  the  sail  in  that  direction  ;•  that  is  (by  Cor.  2.)  as  S.WSA 
X  S.ASD,  and  the  square  of  the  velocity  of  the  wind: '  The 
density  and  sail  being  given.  ... 

Cor.  4.  Let  the  angle  WSA  'be  given;  and  if  SDC  be  a  semi- 
drele  described  on  any  given  line  SC ;  then  the  firce  in  any  direc- 
tion  SD  ofthekeelfisasthe  cord  SD;  and  the  velocity  as  ^SD. 

.  ^^'  ^'  ^^^  velocity  of  the  ship  to  winduHxrd,  is  as  S.WSA  X 
is/S.ASDx  ciwiWWSP. 

For,  draw  SP  perpendicular  to  WS,  and  DG  to  SP;  and  the 
velocities  in  directions  SD,  GD  are  as  SD  to  GD,  or  as  radius  1 
to  SJDSG;  therefore  the  velocity  in  GD  =:  S.DSG  x  S.WSA  X 
VS.ASD. 

Cor.  6.  The  force  of  the  saU  SA  to  turn  the  ship  about,  is  as 
S.WSA«  X  co«n«  ASD. 

This  appears  by  Cor.  1.  supposing  the  sail  placed  in  the  head 
of  the  ship. 
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PROP.  CVII. 

If  a  stbkax  of  aht  fluid,  as  wateb,  flows  dirbctlt  actaikst 
any  plane  surface,  its  fosce  against  that  plane  18  equal 
to  the  weight  of  a  column  of  the  fluid,  whose  bass  18 
the  section  of  the  stheam ;  and  its  length  twice  trb 
height  descended  bt  a  falling  body,  to  acquibe  the  vb- 
locity  of  the  fluid. 

Let«  =  16  ^  feet,  the  height  descended  by  a  falling  body  in  one 
second. 
v=:  velocity  of  the  fluid,  or  the  space  it  describes  in  one 

second. 
B  =  base  of  the  cylinder  or  column  of  water. 
Then  2$  =r  velocity  generated  by  gravity  in  fiilUng  throu{^  «. 

Therefore,  (by  Cor.  1.  Prop.  XIV.) 

4x8  :  <  : :  w  :   —  ^z  height  &llen  to  gain  the  velocity  v*     And 
4s 

^  =  twice  that  height.  Also  ^    B  =  a  cylinder  of  twice  that 

height. 

Now,  the  motion  which  the  cylinder's  weight  will  generate  in 
1  second,  is  2<  X  ^  B,  or  wB ;  the  motion  being  as  the  body 

X  by  the  velocity.  And  the  force  of  the  fluid  against  the  planer- 
is  equal  to  the  resistance  of  the  plane.  And  the  motion  de- 
stroyed in:  1  second  by  the  resistance  of  the  plane,  is  v  x  B9  or 
wB;  which  w^  also  the  motion  generated  by  the  weight  of  the 

cylinder  !!1  B,  in  the  same  time.  But  equal  forces  in  the  same 
time  generate  or  destroy  equal  motions.    Therefore^  the  weight 

of  the  cylinder  ^   B  =:  force  of  the  fluid  against  the  plane. 
2s 

Cor.  1.  The  force  of  a  stream'  of  water  asaimt  ai^  planer  it 
equal  to  the  weigU  of  a  cghmm  of  watery  tohote  bate  it  the  tedion  of 

the  ttreaniy  and  height  ^  ;  or  the  height  of  the  watcTf  if  it  flow 

2t 
through  a  hole  at  the  bottom  of  a  retervoir. 
It  follows  from  this  Prop,  and  Prop.  XCVII.  Cor.  2. 

Cor,  2.    IdoreoveTy  if  an^  part  of  the  water  lie  tqton  the  plane, 
the  force  wUl  be  augmented  by  the  weight  of  to  much  water, 

L 
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Cor.  3.  77ie  forces  of  different  streams  of  water  against  amf 
pUmCf  are  as  thetr  sections  and  the  squares  of  the  velocities. 

Cor.  A,  If  the  plane  be  also  in  motion,  the  relative  velocity  of 
the  water  against  the  plane,  fnust  he  taken  instead  of  the  absolute 
vdodty. 

Scholium. — A  cubic  foot  of  iivater  contains  6.128  ale  gallons, 
and  weighs  62^  lb.  avoirdupois. 

The  density  of  water  to  that  of  air  at  a  mean  is  as  850  to  1. 
Sir  Isaac  Newton  found  the  Resistance  of  water  to  that  of  air  (by 
the  oscillations  of  a  pendulum)  to  be  as  446  to  1,  or  between  446 
and  478*^10  1,  or  at  a  mean  as  460  to  1.  See  Scholium,  Prop. 
XXXI.  Book  II.  Principia. 

LEMMA.  iBg.  2.   PI.  XIV.) 
If  the  quadrant  EDA  revolve  about  the  radius  CA^  and 

DESCRiBi:  an  hemisphere  ;  and  from  AliL  THE  VOINTS  OF  ITS 
SURFACE,  AS  D,  d,  PERPENDICULARS  DB,  db,  BE  LET  FALL  UPON 
THE  BASE  EC;  I  SAy»  THE  SUM  OF  ALL  THE  PERPENDICUIiABS 
BD,  IN  THE  SURFACE  EDA,  IS  TO  THE  SUM  OF  AS  MANY  RADII 
CD,A8lT0  2. 

For  take  Dd  in^nitely  small,  and  complete  the  square  CAHN, 
and  draw  CH,  also  draw  DFGR,  dj^r  parallel  to  EC.  By  the 
similar  triangles  CDF,  Dnd;  DF  X  Dc?  =:  CD  X  nd;  also  BD 
=  CF  =  FG. 

The  surface  of  the  spherical  annulus  DdfF  is  3.1416  X  2DF 
X  T>d  or  3.1416  X  2CD  X  nd,  that  is  (because  3.1416  x  2CD  is 
given)  9A  nd  or  ¥f.  And  the  sum  of  all  the  BIVs  in  the  annulus 
is  as  BD  X  by  its  surface,  that  is  as  BD  X  F/,  or  FC  X  F/*. 
Therefore  the  sum  of  all  the  ED'S  in  the  annulus  is  expr^sed  by 
the  area  WgG.  And,,  for  the  same  reason,  the  sum  of  as  many 
radii,  by  F^R.  Therefore  the  sum  of  all  the  BD's  in  the  hemi- 
sphere :  is  to  the  sum  of  as  many  radii  ZZ  as  the  sum  of  all  the 
^^  :  to  the  sum  of  all  the  F^  R  :  :that  is,  as  the  triangle  CAH 
:  to  the  square  CAHN,  or.  as  1-to  2. 

PROP.  CVIII.     {Fig.  3.  pi.  XIV.) 
If  a  cylinder  moves  uniformly  forward,  in  direction  of 

ITS  AXIS,  IN  A  fluid  OF  THE  SAME  DENSITY;  IT  MEETS  WITH 
A  RESISTANCE  EQ^UAL  TO  THE  FORCE  WHICH  CAN  GENERATE  ITS 
MOTION,  IN  THE  TIME  IT  DESCRIBES  TWICE  ITS  LENGTH. 

Let  AB  tfe  the  cylinder  moving  from  A  towards  G,  and  take 
FBCG  equal  to  ASBF.     And  let  us  fii-st  suppose  that  the  cylln- 
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der  ABy  whilst  it  moves  forward^  pushes  against  the  se?eral  parts 
of  the  fluid,  and  driyes  them  sucoessively  before  it,  in  diiectioo 
of  its  axis,  from  *the  several  places  through  which  it  passes ;  so 
that,  in  equal  times,  it  moves  equal  quantities  of  the  fluid,  and 
OMnmuiiicates  to  them  the  same  velocity  that  it  moves  with ;  it 
is  evident  that  the  cylinder,  after  it  has  moved  unifo  mly  for- 
ward, the  length  of  its  axis  has  removed  the  cylinder  of  the 
fluid  FBCG  equal  to  itself  ASBF,  and  has  communicated  a  mo- 
tion to  it  equal  to  its  own.  And  since  action  and  re-action  are 
equal,  the  force  that  uniformly  generated  this  motion,  is  equal  to 
the  uniform  resistance  the  cylinder  suffered  in  the  mean  time. 
And,  therefore,  the  resistance  is  equal  to  the  force  by  wtiich  its 
own  motion  can  be  generated,  in  the  time  it  describes  ita 
length. 

All  this  is  true,  upon  supposition  'that  every  particle  of  the 
fluid  is  driven  directly  forward,  with  the  same  velocity  the  cy- 
linder has.  But  since,  in  reality,  the  motion  generated  in  the 
fluid  is  not  directly  forward,  but  (by  Prop.  LXxX.)  diverges  on 
all  sides,  and  in  all  manner  of  directions  CD,  Cd^&c.  Therefore, 
if  tiie  quadrant  A£  {Fig,  2.  PL  XIV.)  be  divided  into  an  infinite 
number  of  equal  parts,  Dd,  and  to  all  the  points  D,  d,  the  ladii 
CD,  Cd,  &c.  be  drawn,  representing  the  motions  of  the  particles 
in  all  directions ;  and  from  any  one  D,  the  perpendicular  DB  be 
drawn  on  EC ;  then  the  motion  CD  (==CA)  is  resolved  into 
the  two  motions  CB,  BD ;  of  which  CB  does  not  affect  the 
cylinder ;  and  the  direct  motion  of  the  particle  D  is  only  BD, 
which  is  less  than  CD.  Therefore  the  force  to  generate  this 
motion,  and,  consequently,  the  resistance  of  a  particle  at  D  (equal 
to  this  force)  must  be  less  than  before  in  proportion  of  CD  to  BD. 
Tberefore  the  former  resistance,  when  all  the  particles  are  driven 
directly  forward,  to  the  resistance  when  they  diverge  on  all 
sides,  is  as  the  sum  of  all  the  radii  CD,  drawn  to  every  point  of 
the  surface  of  a  sphere,  to  the  sum  of  all  the  corresponding 
sines  BD;  that  is  (by  the  Lemma)  as  2  to  1.  Therefore  the  re- 
sistance the  ertinder  meets  with  nov,  is  but  half  the  former 
resistance.  Consequently,  since  the  force  to  generate  any  motion 
is  reciprocally  as  tiietime,  the  resistance  will  be  equal  to  the 
force  mat  can  generate  its  motion,  in  the  time  that  it  describes 
twice  its  lei^th. 

Cor.  1.  (Fig.  3.  PI.  XIV.)  If  a  cylinder  mova  in  direcHan  ofiis 
ajtis,  in  a  fluid  <^  the  same  dauity^  and  with  the  vetocity  acquired  by 
failing  in  vacuoyjhm  a  height  equal  to  Ut  length,  it  tneett  with  a 
resistance  equal  to  its  weight. 

For  the  force  t^  generates  its  motion,  in  the  time  of  its 
moving  twice  its  length  (or  of  fidfing  through  once  its  length,)  is 
its  gravity. 
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Cor.  2.  If  a  cylinder  moves  uniformly  forward  m  any  fiuid^  it% 
refUtance  is  to  the  force  by  which  its  whole  motion  may  be  generated^ 
in  the  time  of  moving  twice  its  length,  as  the  density  of  the  fluid  to 
the  density  of  the  cylinder. 

For,  if  the  density  of  the  fluid  be  increased  in  any  ratio,  the 
resistance  will  be  increased  in  the  same  ratio. 

Cor,  3.  The  resistance  of  a  cylinder  moving  in  anyflmdy  is  equal 
to  the  weight  of  a  cylinder  of  thatAiMy  of  the  same  base,  and  its 
length  equal  to  the  height  a  bodyfcMs  in  vacuo,  to  acquire  its  veto* 
city.    By  Cor.  1. 

Cor.  4.  Let  s  z=:  16  ^jfeet,  B  =z  base  of  the  cylinder,  v  ^  its 
velocity,  or  the  space  described  in  one  second.     Then  its  resistance  is 

Zl  weight  of  the  cylinder^  B,  of  the  fltad. 
As 

Scholium. — If  the  cylinder  move  in  a  fluid  inclosed  in  a  Tes- 
sely  instead  of  the  absolute  velocity,  the  relative  velocity  in  the 
fluid  must  be  taken,  in  order  to  find  the  resistance.  And  ber 
sides,  if  the  vessel  be  narrow,  the  resistance  will  be  increased  more 
or  less,  because  the  fluid,  being  confined  by  the  vessel,  cannol 
then  diverge  in  all  directions.  And  if  it  be  so  confined,  that  it 
cannot  diverge  at  all,  but  is  obliged  to  move  directly  forward, 
the  resistance  then  wiU  be  double,  which  is  the  greatest  it  can 
possibly  have,  or  the  utmost  limit  of  its  resistance.  Also,  by 
comparing  the  last  Cor.  with  Cor.  1.  Prop.  CVII.  it  wpearit 
that  the  force  of  a  cylinder  of  water  against  a  plane,  is  double 
the  resistance  an  equal  cylinder  would  meet  with,  moving  in 
water  with  the  same  velocity.  And  this  will  not  appear  strange, 
wh^i  we  consider,  that,  in  the  first  case,  the  whole  motion  of  Sie 
water  is  destroyed  by  Uie  resistance  of  the  plane;  but,  in  the 
latter  case,  the  water  diverges  every  way  from  the  moving  cylin- 
der,  and  does  not  partake  of  its  direct  motion.  But  if  the  wafees 
was  not  suffered  to  diverge,  but  was  driven  directly  forward  with 
the  motion  of  the  cylinder,  the  resistance  would  then  be  doubled, 
and  these  two  cases  would  become  the  same. 

LEMMA.    {Fig.  2.  P/.  XIV.) 

If  the  quadrant  ADE  revolve  about  the  radius  CA,  and 
generate  an  hemisphere,  and  on  evert  point  b  of  the 
base,  perpendiculars  bd  be  drawn  ;  i  say,  the  sum  of 

ALL  THE  BD'  ON  THE  BASE,  IS  TO  THE  SUM  OF  AS  MANY  CD«, 
AS  1  TO  2. 

Let  CD  =  r,  CB  =  a*,  BD  =  y, .  c  =  3.1416 ;  then  2cr  ==  cir- 
cumference of  BC.    Then, 
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Xbe  sum  of  all  tiie  rr :  to  the  snin  of  all  the  jy,  in  the  annuhu 
Bb,iaas2cx  X  fT:to2cjrX|y:t  rrslyyx* 

And  sum  of  all  the  rr :  sum  of  all  the  yy,  in  the  hemiiphere,  it 
as  sum  rrx  xBb:  sum  jryor  X  B^,  on  the  base. 

Or  as  sum  of  rrx  x  Bhl  sum  of  rr  —  xx   X  '  X  B6. 

Or  as  the  sum  of  rrx  x  B6  :  sum  rrx  X  B6— sum  x  X  B&>  in 
the  base.  

•  But  the  sum  ofall&exxBfr=:l-h  2+Z+4,  &c.  to  rxl 
=  iirr. 

•  And  sum  of  all  the  rrx  x  B*  =  j  r->.  putting  B6  25  1. 

•  Also  the  sum  of  all  the  x»xB6=M»+2»+3»+4»,  &c.to  r« 
X  trzir*. 

Hierefore  the  sum  of  all  the  rr :  sum  of  all  the  yy,  in  die  hemis- 
pheie,  is  as  I  r*  :  ^  r^  —  i  r**,  or  as  |  to  },  diat  is  as  2  to  1. 


PROP.  CIX.    {Fig  4,  PL  XIV.) 
If  a  globe  move  uniformly  forward  in  a  compressed  ikfi- 

NrFB  FLUI9,  its  RESISTANCE  IS  TO  THE  FORCE  BY  WHICH  ITS 
WHOLE  MOTION  MAY  BE  DESTROYED  OR  GENERATED,  IN  THE 
TIME  OF  DESCRIBING  J  PARTS  OF  ITS  DIAMETER,  AS  THE  DSN* 
8ITY  OF  THE  FLUID,  TO  THE  DENSITY  OF  THE  GLOBE,  VERY 
NEARLY. 

Let  the  globe  move  in  the  direction  CA.  Draw  the  tangent 
DH,  and  BDG  parallel  to  CA,  and  OH  perpendicular  to  DH  ; 
and  let  GD  be  the  force  of  a  particle  of  the  fluid  against  the  base 
B,  in  direction  GD :  then  GH  will  be  the  force  acting  against  D, 
in  direction  DC.  And  this  force  is  to  the  force  in  direction 
GD  as  DC  to  DB.  Whence,  the  force  against  B,  is  to  the  foroe 
against  D,  in  direction  GD,  in]  a  ratio  compounded  of  GD  to 
GH,  and  DC  to  DB ;  that  is,'^a8  DC«  to  DB'.  Therefore,  the 
foTceof  all  the  particles  of  the  fluid  ag^Dst  the  base,  is  to  their 
force  against  the  convex  sur&ce,  as  the  sum  of  all  the  DC,  to 
tbe  sum  of  all  the  DB'  on  the  base ;  that  is,  (by  the  Lemma)  as  2 
to  1.  Therefore,  the  resistance  of  the  sur&ce  of  the  sphere,  is 
but  half  the  resistance  of  the  base^  or  of  a  cylinder  of  the  same 
diameter. 

Now,  the  globe  is  to  the  circumscribing  cylinder  as  2  to  3 ;  and 
half  of  that  itxce  (which  can  destroy  all  the  motion  of  this  fin- 
der, whilst  it  describes  2  diameters)  will  destroy  all  its  motion, 
whilst  it  describes  4  diameters.  And,  therefore,  the  same  force 
that  destroys  the  pylinder's  motion,  in  the  time  of  moving  4  di- 
ameters, will  destroy  the  globe's  motion  whilst  it  moves  {  of  this 

*  See  W9rf9  Math.  Guide.  Firt  V. 


Digitized 


by  Google 


140  RESISTANCE  OF  FLUIDS.  Sect.  X. 

lengthy  or  |  of  its  own  diameter.  But  (hy  Cor.  2.  Prop.  CVIII.) 
half  the  resistance  of  the  cylinder,  that  is,  the  resistance  of  the 
globe,  is  to  this  force,  as  the  density  ot  the  fluid  to  the  density 
of  the  cylinder  or  globe. 

Cor.  1.  The  resistance  of  a  ^here  it'  bitt  kdlf  the  resiitance  of  a 
eylinder,  of  the  same  dkoAeter. 

^  Cor.  2.  The  re&istcmce  of :tt globe  [moving  in  anyfitddj  is  equal  to 
the  weight  of  a  cylinder  of  that  fluid,  of  the  same  dtameter;  and  it$ 
length  equfu  to  half  the  height^  through  which  a  botfy  falls  in  vacuo, 
to  acquire  the  velocity  of  theglobe.    By  Cor.  3.  Prop.  CVIII. 

Therefore,  ifs^z^S  -fjfeet,  v  zz  velocity  of  a  globe,  or  the  space 
it  moves  in  1  second,  D  =:  its  diameter;  then  its  resistance  is  equal 
to  the  weight  of  a  cylinder  of  the  fluid,  qftJie,  same  diameter  J},  and 

its  length  i!?.    And  if  vzz  4  tj — *,  its  resistance  is  equal  to  the 

»«  3 

weight  of  an  equal  globe  of  the  fluid. 

Cor.  3.  The  greatest  velocity  a  globe  can  obtain,  by  descending  in 
a  fluid,  is  that  which  it  would  acquire  by  falling  in  vacuo,  through 
a  space  that  is  to  ^  the  diameter ;  as  the  difference  between  the 
density  of  the  globe  and  the  density  oftheflmd,is  to  the  density  of 
thefluid. 

For  let  G,  F  be  the  densities  of  the  globe  and  the  fluid,  D  the 
diameter  of  the  globe  ;  then,  since  a  globe  is  equal  to  a  cylin- 
der whose  height  is  §  D. ;    therefore  the  weight  of  the  globe 

rr  weight  of  a  cylinder  of  die  fluid,  whose  length  is  §  D  x  —  • 

F 
And  (by  Prop.  LXXXV.)  the  weight  of  the  globe  in  the  floid  is  = 

G— F 

weight  of  a  cylinder  of  the  fluid,  whose  length  is  |  D  x  = —  * 

F 
But  (by  Cor.  2.)  the  resistance  of  the  globe  moving  with  the  ve- 
locity acquired  by  falling  in  vacuo,  through  the  height  |  D  X 

G— F 

— sr —  is  ^  weight  of  a  cylinder  of  the  fluid  whose  length  is  } 

P  —  "F 

D  X    — -  •    Therefore  the  weight  of  the  globe  in  the  fluid  if 

equal  to  the  resistance ;  and,  consequently,  it  cannot  accelerate 
the  globe. 

And  hence,  if  v  zz  4  t^z. D^,  the  resistance  is  equal  to  the 

SF 
weight  of  the  globe  in  thefluid.  ^ 

Cor.  4.   Two  equal  and  homogeneous  globes  moving  in  a  resisting 
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meduany  willy  in  timei  that  are  reeipnxaUy  m  the  fnt  velodtiet, 
describe  equal  ^wxs,  and  Une  a  given  part  tf  their  motiom. 

For  the  motion  lost,  in  describing  two  very  snull  equal  spaces, 
is  as  the  resistance  and  time ;  that  is,  (becatise  the  space  is  given,) 
as  the  square  of  the  velocity  directly  and  the  velocity  inversely; 
that  is,  directly  as  the  velocity.  And  so,  in  describing  any  space, 
the  motion  lost  wiD  always  be  as  the  first  motion  ;  and  the  time 
reciprocally  as  the  first  velocity. 

Cifr,  5.  Two  homogeneout  globeif  moving  toith  equal  velocitiei  in 
afitady  lose  equal  velodties  in  deteribing  qnices  proportional  to  their 
diameters. 

For  the  velociw  lost  in  fiach>  by  describing  two  small  spaces 
proportional  to  me  diameters,  will  be  as  the  resistance  and  time 
directly,  and  the  body  inversely;  that  is,  (because  the  resbtano« 
is  as  the  square  of  the  diameter,  and  the  time  as  the  diameter,)  as 
the  cube  of  the  diameter  directly,  and  the  cube  of  the  diameter  in- 
versely: therefore  the.  velocity  lost  is  equal  in  both.  And  the 
like  tor  any  succeeding  correspondent  parts. 

Scholium. — ^The  resistance  of  fluids  is  of  three  kinds.  1.  Te" 
naaty  or  cohesion  of  the  parts  of  the  liquor,  which  is  the  force  by 
which  the  particles  of  the  fiuid  stick  together,  and  causes  them 
not  to  separate  easily;  and  this  is  the  same  for  all  velocities.  2- 
Friction  or  attrition,  where  the  parts  of  the  fiuid  do  not  slide 
fireely  by  one  another;  and  this  is  as  the  velocity.  3.  The  density 
or  quantity  of  matter  to  be  removed;  and  this  is  as  the  square  of 
the  velocity.  The  two  former  kinds  are  very  small  in  all  fluids, 
except  viscid  and  glutinous  ones;  and  upon  this  account  the 
foregoing  theory  regards  only  the  last  kind.  And  therefore  the 
resistance  there  described  is  the  very  least  the  body  cam  possibly 
meet  with.  But  since  all  fluids  have  some  small  degree'of  iriction 
and  tenacity,  they  will  increase  the  resistance  a  little.  Also,  when 
the  velocity  is  very  great,  the  compression  of  the  fluid  ought  to 
be  so  too,  to  cau^  Sie  fluid  to  return  vrith  equal  ease  behind  the 
moving  body ;  and  when  this  does  not  happen,  the  resistance  is 
increa»9d  upon  that  account.  For  a  fluid  yielding  to  a  projectile, 
does  not  recede  ad  infinitum ;  but,  vrith  a  circular  motion,  comes 
round  to  the  places  which  the  body  leaves.  Likewise,  when 
bodies  move  in  a  stagnant  fluid  near  ue  surface,  the  fluid  cannot 
dilate  itself  upwards,  to  give  way  to  the  moving  body ;  and  this 
will  considerably  increase  the  resistance.  Also,  if  a  body  moves 
in  a  fluid  inclosed  in  a  vessel,  the  relative  velocity  of  the  body  in 
the  fluid  must  be  esteemed  its  true  velocity.  But  the  resistance  it 
meets  vrith  vrill  be  increased,  because  the  fluid  has  not  liberty  to 
diverge  every  way.  And  the  straiter  the  vesse^  the  more  is  the 
resistance  increased;  and  it  may,  by  this  means,  be  increased  till 
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it  be  hear  double ;  beyond  whicli  it  cannot  go.  For  aU  that  a 
body  can  do  is  to  drive  the  fluid  wholly  before  it,  without  any  di- 
verging. So  that  the  least  resistance  a  globe  can  have  is  the  same 
as  is  laid  down  in  Cor.  2.  of  the  last  Prop,  and  the  greatest  can 
never  exceed  the  double  of  it ;  so  that  it  will  always  be  between 
these  limits.  If  the  fluid  in  which  the  body  moves  be  elastic  and 
spring  from  the  body,  the  resistance  will  be  greater  than  if  it  was 
non-elastic.  But  these  irregularities  are  not  considered  in  the 
foregoing  theory. 

l^ere  are  some  bodies  that  may  be  reckoned  in  a  middle  state 
between  solids  and  fluids.  And  in  some  of  these  the  tenacity 
and  friction  is  so  great,  as  in  many  cases  far  to  exceed  the  resist- 
ance arising  from  their  density  only.  For  exatnple,  it  appears  by 
experiments,  that  if  a  hard  body  be  suspended  at  several  :heights, 
and  be  let  fsdl  upon  any  soft  substance,  such  as  tallow^  soft  clay, 
wax>  snow,&c.  it  will  make  pits  or  impressions,  which  are  as  the 
heights  Mien,  that  is  as  the  squares  of  the  velocities.  Likewise, 
nails  give  way  to  a  hammer  in.  a  ratio  which  is  as  the  square  of 
the  velocity.  Comparing  this  with  Schol.  Prop.  XIV.  it  ap- 
pears that,  in  these  cases,  the  resistance  is  the  same  for  all  velo- 
cities :  which  argues  a  very  great  degree  of  tenacity.  Again,  bodies 
projected  into  earth  mixed  with  stones ;  the  impressions  are  found 
to  be  between  the  simple  and  duplicate  ratio  of  the  velocities. 
Therefore,  in  this  case^  the  resistance  is  in  a  less  ratio  than  the 
simple  ratio  of  the  velocity ;  and,  therefore,  these  sort  of  bodies 
have  both  friction  and  tenacity.  And,  in  different  sorts  of  bodies, 
there  is  great  difiference  and  variety  in  their  nature  and  constitution. 
' »  Tenacity  may  be  compared  to  the  force  of  gravity,  which  is 
always  the  same ;  with  this  diflerence,  that  tenacity  acts  always 
contrary  to  the  motion  of  the  body,  and  when  the  body  is  at  rest, 
it  is  nothing.  Attrition  may  be  compared  to  the  motion  of  a  body 
striking  always  a  given  number  of  particles  of  matter  in  a  given 
time,  with  any  velocity ;  and,  therefore,  the  resistance  of  such  a 
body  will  be  as  the  velocity. 
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SECTION  ELEVENTH. 

METHODS  OF  COMMUNICATING,  DIRECTING, 
AND  REGULATING  ANY  MOTION  IN  THE 
PRACTICE  OF  MECHANICS. 


PROR  ex. 

To  COMMUNICATE  MOTION  VROM  ONE  BODY  TO  ANOTHER,  OR  FROM 
ONE  PLACE  TO  ANOTHER. 

1.  (Fig.  5.  PL  XIV.)  The  easiest  and  simplest  method  of 
communicatiDg  motion  from  one  thing  A  to  another  B,  is 
by  a  rope  or  a  lever  AB,  reaching  between  the  two  places,  or 
things. 

2.  ifig*  6.  PL  XIV.)  Motion  is  communicated  from  one 
wheel  or  roller  DC  to  another  AB,  by  a  perpetual  or  endless 
rope  ABCD,  going  once,  or  oftener,  about  them ;  or,  if  you  will, 
by  a  chain;  That  the  rope  slip  not,  make  knots  on  it,  and  channels 
in  the  Wheels,  if  necessary. 

3.  (Fig.  7.  PL  XIV.)  Motion  is  communicated  from  one  wheel 
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ABC,  to  another  DEF ;  by  the  teeth  in  the  two  wheels  woildiig 
together.  Or  thus,  {Fig.  8.  PL  XIV.)  where  the  axis  of  A  having 
but  one  tooth ;  one  revolution  of  it  answers  to  the  motion  of  only 
one  tooth  in  B. 

4.  (Fig,  9.  PL  XIV.)  Motion  is  communicated  from  one  place 
to  another,  by  one  or  more  beams  or  levers,  MB,  BC,  CE,  EF, 
FH,  &c.,  moveable  about  the  centres  A,  B,  C,  D,  £,  F,  G ;  of 
which  A,  D,  G,  &c.  are  fixed.  Here,  if  tiie  point  M  be  moved, 
the  point  H  will  be  moved ;  for  MB,  BC,  CE,  &c.  all  move  one 
another  to  the  last,  FH. 

5.  {Fig.  10.  PL  XIV.)  Motion  may  also  be  oommunicated 
from  A  to  B,  by  a  pinion  at  A,  and  a  straight  ruler  with  teeth, 
which  bite  one  another. 


PROP.  CXI. 
By  help  of  one  uniform  motion  given,  to  produce  another, 

EITHER  uniform  OR  ACCELERATED. 

1 .  A  uniform  motion  is  produced  in  the  wheel  DEF,  {Fig. 
7.  PL  XIV.)  by  moving  the  wheel  ABC  uniformly,  which  carries 
it.  Also  a  uniform  motion  is  produced  in  wheels  moving  by 
cords,  as  AB,  CD  ;  {Fig.  6.  PL  XIV.)  for  one  being  moved 
uniformly,  moves  the  other  also  uniformly. 

2.  The  wheel  BF  {Fig.  11.  P/.  XIV.)  may  be  made  to  move 
uniformly  about  the  centre  C,  by  the  motion  of  the  wheel  BD. 
On  the  base  BF  with  the  generating  circle  BD,  describe  the  epi- 
cycloidal  tooth  BE.  Then  the  point  B  of  the  wheel  AB,  moving 
uniformly  about  the  centre  A,  and  passing  over  the  tooth  BE, 
will  move  the  wheel  BF  uniformly  about  C.  Here  the  acting 
tooth  AB  ought  to  be  made  crooked  as  Ai,  that  it  touch  not  the 
end  £,  of  the  tooth  BE,  if  it  act  on  the  concave  side.  Or  else  the 
plane  of  the  wheel  BD  must  be  raised  above  the  plane  of  BF, 
and  a  tooth  made  at  B  to  bend  down  perpendicular  to  the  plane 
of  the  wheel,  as  AG,  to  catch  the  tooth  BE. 

3.  The  lever  AB  {Fig.  1.  PL  XV.)  may  be  made  to  move  up 
and  down  with  either  a  uniform  or  accelerated  motion,  after  this 
manner.  I«t  AE  be  a  wheel  whose  axis  is  parallel  to  the  lever^ 
and  directly  above  it.  Take  any  arch  N4,  and  divide  it  into  any 
number  of  equal  parts  at  1,  2,  3,  &c.  through  which  from  the 
centre  O,  draw  Oa,  06,  Oc,  Od;  and  make  la,  2b,  3c,  4d,  &c. 
respectively  equal  to  1,  2,  3,  4  equal  parts.  And  through  the 
pomts  N,  a,  b,  &c.  draw  the  curve  'Sabcd,  Then  the  part  ffdF 
being  made  of  solid  wood,  and  fixed  to  the  wheel ;  and  the  wheel 
being  turned  uniformly  about,  in  the  order  ENA;  the  part  NF 
will  give  a  uniform  motion  to  the  lever  AB,  about  the  centre  of 
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motkm  C.  And  yoa  may  ^  as  many  of  theM  teadi  to  tho  wheel 
as  you  will. 

AgaiDy  in  the  toodi  AD,  if  Al,  12,  23»  ko.  be  taken  eqnal, 
and  la,  Itb,  3c,  4d,kc,he  taken  equal  to  1,  4,  9, 16»  &c.  equal 
parts ;  and  the  cunre  Aa6al  be  drawn,  and  the  tooth  formed ; 
then  the  lever  will  be  moTed  with  a  uniformly  aooeleralitd 
motion. 

The  accelerated  motion  is  proper  for  lifting  a  given  weight  at 
the  end  B,  as  a  bammer  ;  or  for  working  a  pomp,  by  a  chain  go* 
ing  over  the  end  B. 

4.  The  lever  AB  (^%- 2.  PL  XV.)  may  also  be  moved  thus, 
by  help  of  a  machine  GFD,  moving  uniformly  along  CD.  Make 
HI,  IF  right  lines ;  and  make  as  many  such  teeth  as  you  will ; 
and  these  will  give  a  uniform  motion  to  the  lever. 

Make  the  curves  £F£  all  parabolas,  equal  and  equi-distant, 
whose  vertices  are  at  F,  and  their  bases  meet  at  E,  and  these 
will  make  the  lever  rise  and  foil  with  an  accelerated  motion. 
Snch  parabolic  teeth  as  these  may  be  placed  on  a  wheel,  whose 
axis  is  perpendicular  to  the  horizon. 

5.  One  wheel  may  move  another  with  an  accelerative  motion 
thus.  On  the  circle  or  wheel  EF,  {Fig.  3.  PL  XV.)  take  Eo,  'ab, 
bCf  &c.  equal  to  each  other.  And  on  the  edge  of  the  wheel  BD 
take  Bl,  a  very  small  part,  and  13,  35,  57,  8tc.  3,5,7,&c.  times 
Bl,  suppose  the  plane  ot  the  wheel  £F  to  be  extended  as  far  as  the 
marks  1,  3,  5,  7,  &c. ;  then  turn  the  wheel  EF,  till  E  foil  on 
a;  then  mark  the  point  1  on  the  plane  of  the  wheel  EF ;  then 
turn  EF  till  E  comes  to  b,  and  mark  the  point  3  on  the  plane 
of  the  wheel  EF.  Likewise,  let  E  come  to  c,  d,  Sec,  and 
mark  the  points  5,  7,  fcc.,  on  the  plane  of  the  wheel  EF ;  then 
El  3  5  7  r  is  the  figure  of  the  tooth  of  the  wheel  EF,  which 
beiog  uniformly  moved,  will  move  DB  with  an  accelerative 
motion.  "" 

PROP.  CXIL 

To  CHANGE  THE  OIBECTION  OF  ANY  MOTION. 

'  1.  The  direction  of  any  motion  may  be  changed  by  the  lever 
of  the  first  kind,  for  the  two  ends  have  opposite  motions.  Like- 
wise, a  bended  lever  will  change  the  direction  to  any  other  direc- 
tion, (as  Fig.  4.  PL  XV.)    . 

2.  The  direction  of  motion  may  be  changed  by  the  help  of 
pulleys,  with  a  rope  going  over  them.  Thus,  the  direction  AB 
(Ptg.  5.  PL  XV.)  is  changed  successively  into  the  directions  BC, 
CD,DE,EP,FG. 

3.  The  diieotion  may  be  changed  by  wheels,  whose  axles  are 
perpendicular  to  one  another.    Thos,  the  direction  AB,  (Fig,  6. 
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P/.  XV.)  is  changed  into  the  direction  EF,  by  the  wheel  C, 
working  in  the  crown  wheel  D. 

4.  The  direction  may  be  changed,  by  making  the  lanthom  B, 
{Fig.  7.  PL  XV.)  inclined  in  any  giren  angle,  to  be  moved  by 
ihe  cogs  of  the  wheel  A.  Hece,  the  rungs  at  F,  where  they 
work,  must  be  parallel  to  the  plane  of  the  wheel  A,  or  perpendi- 
cular to  the  cogs.  The  same  thing  may  be  done  by  wheels  with 
teeth,  as  C,  D.    (Fig.  1.  PL  XVI.) 

In  both  cases,  the  axles  of  the  two  wheels  must  be  in  ime 
plane. 

PROP.  cxm. 

To  REGULATE  ANT  MOTION,  OB  TO  MAKE  IT  DNIFOAM. 

.  1.  Any  motion  is  made  uniform,  by  the  help  of  a  pendulum 
AB,  {Fig^  2.  PL  XVI.)  suspended  at  A  and  vibrating.    As  the 

etndulum  vibrates,  it  causes  CDE  to  vibrate  also,  about  the  axis 
E.  The  weight  I  carries  the  wheel  R,  and  R  moves  LF.  Now, 
whilst  the  pendulum  vibrates  towards  M,  a  tooth  of  the  wheel 
OF  goes  off  the  pallat  I,  and  another  catches  the  pallat  H;  and 
when  the  pendulum  returns  towards  N,  it  draws  the  pallat  H  off 
the  tooth,  and  another  catches  the  pallat  I;  and  so  on,  alternately. 
iSo  that,  at  every  vibration  of  the  pendulum,  a  tooth  goes  off  one 
or  other  of  the  pallats. 

2.  A  uniform  motion  is  effected  by  the  pendulum  CP,  {Fig.  3. 
PL  XVI.)  vibrating  in  the  arch  NM  about  the  centre  of  -motion 
C.  As  the  pendulum  vibrates, -it  causes  the  piece  ADE  to  vibrate 
along  with  it  about  the  axis  of  motion  DE.  By  this  motion,  the 
leaf  a  catches  hold  of  a  tooth  of  the  horizontal  wheel  GF,  in  its 
going,  and  the  leaf  h  of  another  tooth,  in  returning.  A  wheel 
with  a  weight  is  applied  to  the  pinion  L,  to  keep  the  pendulum 
going. 

3.  A  pendulum  may  also  be  applied  thus,  for  the  same  purpose. 
FG  (Fig.  4.  PL  XVI.)  is  a  thick  wheel,  or  rather  a  double  wheel, 
whose  axis  is  parallel  to  the  horizon.  nP  a  pendulum  vibrating 
upon  the  axis  DE,  which  is  parallel  to  the  planes  of  the  wheel 
FG ;  anh  two  wings  perpendicular  to  DE,  and  to  nP ;  1,1,1, 
pins  in  the  rim  G ;  and  2,  2,  2,  pins  in  the  rim  F.  Iliese  pins 
are  in  the  planes  of  the  wheel,  but  not  perpendicular  to  the  cir- 
cumference^ but  inclined  in  an  angle  of  about  45  degrees,  and 
the  pins  in  one  end  are  against  the  spaces  in  the  other ;  ab  is  pa* 
rallel  to  the  axis  of  the  wheel  FG,  but  neither  in  the  same  hori- 
zontal or  perpendicular  plane,  but  almost  the  radius  of  the  wheel  . 
below,  ana  something  more  forward.  Whilst  the  'pendulum  P 
vibrates  in  (he  arch  MN,  about  the  axis'DE,  the  wing  a  catdies 
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hold  ef  a  tooth  in  the  end  F,  and,  when  it  retoniSy  the  wing  b 
catches  hold  of  a  tooth  in  the  end  G.  Thus,  the  pins  acting  alter- 
nately against  the  wings,  a,  b,  keep  the  pendulum  going,  by  help 
ofthe  weight  W. 

4.  A  steady  motion  is  continued  by  applying  the  heaTv  wheel 
ABC,  (F%.  5.  PL  XVI.)  to  the  machine ;  or  the  cross  bar  DE 
(1%.  7.  rl.  XVI.)  loaded  with  two  equal  weiffhts  at  D  and  £ ; 
or  a  cylinder  of  some  heavy  matter  may  be  sq;>plied,  being  made 
to  revolve  about  its  axis.  By  these  the  force  of  the  power,  which 
would  be  lost,  is  kept  in  the  wheel,  and  is  equally  distributed  in 
all  parts  of  the  revolution.  Such  a  wheel  is  of  great  use  in  such 
maclunes  as  act  with  unegual  force  at  different  times,  or  in  dif- 
ferent parts  of  a  revolution.  For,  by  its  weight,  it  constantly  goes 
on  at  the  same  rate,  and  makes  the  motion  uniform,  and  every 
where  equal.  By  reason  of  its  weight,  a  little  variation  of  force 
will  not  sensibly  alter  its  motion ;  and  its  friction,  and  the  resist- 
ance of  the  air  will  hinder  it  from  accelerating.  If  the  machine 
slackens  its  motion,  it  will  help  it  forward;  if  it  tends  to  move  too 
^t,  it  will  keep  it  back. 

Every  such  regulating  wheel  ou^t  to  be  fixed  upon  that  axis, 
where  Uie  motion  is  swiftest;  and  ought  to  be  the  heavier,  the 
slov^er  it  is  designed  to  move;  and  the  lighter,  the  swifter  the 
motion  is.  And,  in  all  cases,  the  centre  of  motion  must  be  in  the 
centre  of  gravity  of  the  wheel.  And  the  axis  may  be  placed  pa* 
rallel  to  the  horizon,  as  well  as  perpendicular  to  it. 

If  the  machine  be  large,  and  the  axis  of  the  heavy  wheel  be 
perpendicular  to  the  horizon,  the  heavy  wheel  may  be  made  to 
roll  on  the  grounc^  round  that  axi^  by  putting  the  wheel  upon 
another  axis  fixed  in  the  former  at  right  angles  to  it,  and  thus  the 
weight  is  taken  off  the  first  axis.  And  two  such  wheels  may  be 
applied  on  opposite  sides. 

5.  Any  swift  motion  may  be  moderated  by  a  fly  AB,  (^Fig.  6. 
Pi.  XVI.)  moveable  about  the  axis  CD.  ^This  is  made  of  thin 
metal :  at  s  is  as  a  spring  to  keep  the  axis  and  fly  pretty  stiff  to-, 
gether.'  This  bridles  the  rapidity  of  the  motion  of  the  machine, 
to  which  it  is  applied,  by  reason  of  its  great  resistance  in 
the  air ;  and,  theiefore,  it  hinders  the  motion  from  acceleratins 
beyond  a  certain  degree.  This  sort  of  fly  is  used  in  clocks,  and 
is  also  usefiil  in  any  motion  that  requires  to  stop,  or  move  a  coi>> 
trarv  way. 

None  of  these  regulating  wheels  or  flies  add  any  new  power  to 
the  madiine;  but  rather  retard  the  motion  by  their  friction  and 
resistance. 
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PROP.  CXIV. 

To  DESCRIBE  SETERAL  SORTS  OF  KNOTS. 

As  ropes  are  made  use  of  in  several  sorts  of  nuichines,  and 
especialfy  aboard  of  ships,  it  is  proper  for  a  mechanic  to  know 
how  to  tie  them  together  ;  therefore,  I  shall  here  describe  seve- 
ral 8ort<  of  knots,  not  so  much  to  teach  how  to  tie  them,  as  to 
shew  the  form  they  appear  in  when  they  are  tied.  For  the 
method  of  tying  them  is  oest  learned  from  wose  that  can  tie  them 
already. 

1.  A  thutnb  knot  {Fi^.  1.  P/.XVII.)  This  is  the  simplest  of 
all,  and  is  used  to  tie  at  Sie  end  of  a  rope,  to  hinder  its  opening 
out.    Also  it  is  used  by  tailors  at  the  end  of  their  thread. 

2.  A  loop  knot.  {Fig,  2.  PL  XVII.)  This  is  used  to  join  pieces 
of  rope  together. 

3.  A  draw  knot  {Fig.  3.  PL  XVII.)  is  the  same  as  the  last, 
only  one  (or  both)  of  the  ends  returns  the  same  way  back,  as 
abode.  By  piUling  at  a  the  part  bed  comes  through,  and  the 
knot  is  loosed. 

4.  A  ring  knot.  {Fig.  5.  PL  XVIl.)  This  serves  also  to  join 
pieces  of  rope  together. 

5.  Another  knot  {Fig.  4.  PL  XVII.)  for  tying  topes  together. 
This  is  made  use  of  when  any  rope  is  often  to  be  loosed. 

6.  A  naming  knot,  {Fig.  6.  Pi.  XVII.)  to  draw  any  thing  dose. 
By  pulling  at  the  end  a,  the  rope  is  drawn  through  the  loop  by 
and  the  part  cd  is  drawn  close  about  a  beam,  &c. 

7.  Another  knot,  {Fig.  7.  :f /.  XVII.)  to  tie  any  thing  to  a 
post ;  here  the  end  may  be  put  through  as  often  as  you  will. 

8.  A  very  mall  knot.  {Fig.  8.  PL  XVII.)  There  is  a  thumb 
knot  made  at  the  end  of  each  piece,  and  the  end  of  the  other  is 
to  go  through  it.  Thus  the  rope  ac  runs  through  the  loop  d,  and 
bd  wrough  r ;  and  then  drawn  close  by  pulling  at  a  and  b:  S  the 
ends  e,fhe  drawn,  the  knot  will  be  loosed  again. 

9.  A  fisher's  knot,  or  water  knot.  {Fig.  9.  PL  XVII.)  TTiis  is 
the  same  as  the  4th,  only  the  ends  are  to  be  put  twice  through 
the  ring,  which,  in  that,  was  but  once,  and  then  drawn  dose. 

10.  A  mashing  knot  {Fig.  10.  PL  XVII.)  for  nets;  and  is  to  be 
drawn  close. 

11.  A  barber's  knot,{Fig.  11.  PL  XVII.)  or  a  knot  fpr  cawls  of 
wigs.    This  must  be  drawn  close. 

12.  A  bowline  knot.  {Fig.  12.  PL  XVII.)  When  this  is  drawn 
dose,  it  makes  a  loop  that  will  not  sUp.  This  serves  to  hitch  over 
any  thing. 

13.  A  wale  knot  {Fig.  13.  PL  XVII.)  is  made  with  the  three 
strands  of  a  rope,  so  that  it  cannot  slip.    When  the  rope  is  put 
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through  a  hole,  this  knot  keeps  it  from  slipping  through.  If 
the  three  strands  are  wrought  round  once  or  twice  more,  after 
the  same  manner,  it  is  calld  crowning.  By  this  means,  the  knot 
is  made  bigger  and  stronger.  A  thumb  knot,  art  1,  may  be  ap- 
plied to  the  same  use  as  mis. 
Concerning  the  strength  of  ropes,  see  the  latter  end  of  Section 

vni. 
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SECTION  TWELFTH- 

THE  POWERS  AND  PROPERTIES  OF  COMPOUND 
ENGINES ;  OF  FORCES  ACTING  WITHIN  THE 
MACHINE ;  OF  FRICTION. 


PROP.  CXV. 

In  any  compounded  machine,  if  the  power  and  weight 
keep  the  machine,  and  all  its  parts,  in  equilibrio;  then 
the  power  is  to  the  weight,  in  the  compound  ratio  of 
the  power  to  the  weight  in  every  simple  machine,  op 
which  the  whole  is  composed. 

For,  let  the  compound  machine  be  divided  into  all  its  simple 
mechanic  powers ;  and,  in  the  first,  let  the  power  be  to  the  weight 
as  A  to  B.  Then,  considering  the  weight  B  in  the  first,  as  the 
power  in  the  second,  to  which  it  is  equal  (by  Ax.  3.)  let  that 
power  in  the  second  machine  be  to  the  weight  as  B  to  C.  Then, 
ex  equo,  the  first  power  A  is  to  the  second  weight  C,  in  the  com- 
pound ratio  of  A  to  B  and  B  to  C.    In  like  manner,  if  the 
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weight  in  the  seteond  be  taken  for  the  power  in  the  third»  and  tfait 
power  be  to  the  weight  as  C  to  D ;  th^n  the  first  P^mtr.  A  ki6 
the  l«st  weight  D,  in  the  compouni  ratio  of  A  to  B,  B  to  C,  and 
C  to  D,  and  so  on  thioygh  the  whole. 

Cor.  In  any  maekmey  compoted  of  wheels,  the  power  is  to  the 
weighty  in  the  compound  ratio  of  the  diameter  of  the  axle  where  the 
weight  is  applied^  to  the  diameter  of  that  were  power  is  applied  ;  and 
the  monher  of  teeth  in  the  pinion  of  each  axis,  beginning  at  the 
power,  to  the  number  of  teeth  in  each  wheel  they  work  in,  till  you 
come  at  the  weight. 

Or,  instead  of  the  teeth,  you  may  take  their  diameters, 

PROP.  CXVI. 

If  the  poweb  and  weight  be  in  equilibrio  on  any  machine, 
if  they  be  put  in  motion,  the  velocity  of  the  weight 
will  be  to  that  of  the  power,  as  the  power  is  to  the 

WEIGHT. 

For,  since  they  are  in  equilibrio,  one  of  them  cannot  of  itself 
moTe  the  other;  therefore,  ifthey  be  put  into*  motion,  the  mo- 
mentum, or  quantity  of  motion  of  the  weight,  will  be  equal  to  that 
of- the  power;,  and,  therefore,  their  velocities  will  be  reciprocally 
as  their  quantities. 

Cor.  1.  Hence,  it  follows,  that  if  amf  weight  is  moved  by  help  of 
a  machine,  what  is  gained  in  power  is  lost  in  time. ' 

For  in  whatever  proportion  the  power  is  less  than  the  weight, 
in'  the  same  proportion  will  the  wagfat  be  slower  than  the 
power. 

Cor.  2.  Hence,  the  motion  of.  the  weight  is  not  at  all  increased  by 
any  engine,  or  mechanical  instrument;  only  the  velocity  of  the 
weight  is  so  ntukh  diminished  thereby,  that  the  quantity  of  motion  of  the 
weight  may  not  exceed  tlifi  quantity  of:  motion  of  the  power*  Ahd, 
therefore,  it  is  a  vain  fancy  for  any  one  to  think  that  he  can  move  a 
great  weigfU  with  a  little  power,  and  with  the  saiine  velocity  as  with' 
a  greater  power. 

For  the  advantage  gained  by  the  power  is  lost  by  the  Velocity. 
If  any  power  is  able  to  raise  a  pound  with  a  given  velocity,  it  is 
impossible,  by  the  help  of  any  machine  whatever,  that  the  same 
power  can  raise  two  pounds  with  the  same  velocity.  ^Tet,  it  may, 
by  help  of  a  macbiu^,  be  made  to  raise  2  pounds  with  half  that 
velocity,  or  even  loOO.  pounds  with  the  thous^dth  part  of  the 
velocity.  But  sfill  th^te  is  no  greate^  quan^ty  of  motion  .pr(>* 
duced.,  when  1000  po\inds  weight  is  moved^  than  when  ,1,  pound : 
the  1000  pounds  being  proportionally  slower.    The  power  and 


Digitized 


by  Google 


\S2  POWmiS  OF  EII&INES.  S€ct  XH. 

ase  of  macliioes  consists  only  in  ^b,  th^t  by  thmr  means  the  ve^ 
locity  of  tbe  weight  may  be  diminished  at  pleasure^  so  that  a 
given  weight  may  be  moved  with  a  given  power^  or  that  with  a 
g^ven  force  any  given  resistance  may  he  overcome.  Mechanic 
inaitruments  being  only  the  means  whereby  one  body  conuauni- 
cates  motion  to  another,  and  not  designed  to  produce  a  motioa 
that  had  no  existence  before. 

Cor,  3.  Hencey  also,  it  it  plain,  that  a  given  power  or  quantify 
of  force,  applied  to  move  a  heannf  body  fy  kelp  of  a  machine,  ran 
produce  no  greater  ouantity  of  motion  in  that  ioAf,  than  tf  thai 
force  was  immediatelif  appUed  to  the  body  itself;  nor  not  quite  so 
much,  by  reason  of  the  friction  and  resistance  of  the  en^ne.  And, 
if  the  power  be  given,  you  may  chuse  whether  you  will  move  a 
greater  weight  with  a  less  velocity,  or  a  less  weight  with  a  mater 
velocity.  But  to  do  both,  is  utterly  repugnant  to  the  eternal  laws  of 
nature, 

PROP.  CXVII.  {Fig.  1.  PL  XVIU.) 

Iir  ANT  MACHUfE  CD,  IS  TO  BE  MOVXO  BY  THE  HELP  OF  LEVERS, 
WHEBLS9&0;  ANn  IF  TBE  POWER  TKAT  MOVES  IT  ACTS  HT- 
TIESLY  WITHIN  THE  if  ACHINB,  AND  EXERTS  ITS  FOItCE  ^GaIVST 
SOKE  EXTERNAL  OBJECT  B;  THEN  THE  FORCE  APFLIXD  WITSIV 
TO  MOVE  THE  MACHINE,  WILL  BE  JUST  *THE  SAME  AS  IF  TBS 
MAOHINE  WAS  AT  BEST,  AND  THE  OBJECT  B  WAS  TO  BE  MOVED  ; 
SUPPOSING  B  TO  BE  ASi  EASILY  MOVED  AS  THE  MACHINE. 

/  For,  suppose  furat^  the  Wv«c  AFB  to  be  ^i^^d,  and  to  make  a 
part  o£  tbe  Biadiine;  and  kt  fftie  externai:  force  acting  at  B, 
which  is  capable  to  move  the  machine,  be  1.  Now,  suppose  te 
lever  AFB^  moveable  about  F,  and  a  force  applied  at  A,  so  great 
as  to  act  at  B^  with  the  force  1 ;  then  the  action  and  reractioa  at 
B  being  the  same  as  before,,  it  is  plain  the  machine  will  be  moved 

as  beforcv    But  the  force  now  aeting  at  A,  is   _  x  1 ;  just  tiie 

AF 
aama  as  if  Uie  point  F  weie  fixed,  and  ^  was  ix>  be  laoved.    Ajid 
if  more  levers,  or  any  number  of  wheels  be  added,  the  thiii|^  will 
stiU  be  the  same. 

Othempiee, 

Let  the  absolute  force  to  move  the  machine  be  1,  and  the  force 

acting  at-A  bey^;  and  let  us  first  consider  it  as  acting  out  of  the 

machine ;  then  B  being  fixed,  is  the  ftilcrum ;  therefore  die  force 

AB 
acting  9XVf,ifi  -a—  X  /    Now,  if  the  actings  fonea  be  considered 

in  the  inachine;i  it  will  not  be  ur^d  forward  With  all  this  force. 
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tor  the  re^tctioii  irlR  be  equal  t»/,  the  pof^er  at  A.    Theiefbre 

AB 

the  absolute  force  the  maehioe  is  moved  with,  is  x  / —  f 

FB 

or  ^5LzI2  X  /,  that  is  J^  x/,  but  this  is  =  t,  therei<»re 
FB  FB 

•^         AF 

Cor.  1 .  HmcCy  if  the  absolute  extenudforet,  to  move  any  body  or 
machiney  be  given,  and  the  machine  it  to  be  moved  by  an  internal 
power;  f  hat  power  may  befoundy  bywppoting  the  machine  at  reit, 
and  the  external  object  B  was  to  be  removed^  and  to  require  the  tame 
absolute  force  to  move  it 

For  it  is  the  same  thing,  as  to  the  power,  whether  the  maehiaey 
Of  die  extenal  object,  be  mored,  whilst  the  other  is  at  rest. 

Cor,  2.  If  the  power  acting  within  the  maehim  be  not  eontmuu^ 
cated  to  tome^extermd  obfeet,  itwHl  have  mffrce  at  all  to  move  the 
machine,  Attd  aity  force  tha^  &eM-  begins  and  ends  within  it,  does 
nothing  at  all  fomove  it. 

For  the  power  acting  only  against  some  part  of  the  machine, 
will  be  destroyed  by  the  contrary  and  equal  re-action.  And  the 
body  being  acted  on  by  these  equal  and  contrary  forces,  will  not 
be  moved  at  all.  Thus^  if  a  man,  sitting  in  the  head  of  a  boat, 
pull  die  stem  towards  lum  by  a  rope,  the  boat  win  not  be  tboyed 
at  all  out'of  its  place  by  that  force. 

PROP.  CXVIII. 

Ho  SESBftMIim    TUB  FBSeTIQS),  AND  OTHSlil   HlREOULAllITIBB   IN 
MECHANICAL   ENGINES. 

Hie  propositions,  hitherto  laid  down  suppose  all  bodies  per- 
fectly smooth,  that  they  slide  over  one  another  without  any 
friction,  and  move  freely  without  any  resistance.  But,  since 
there  is  no  such  thing  as  perfect  smoothness  in  bodies,  therefore, 
in  rubbing  against  one  another,  they  meet  widi  more  or  less 
friction,  according  to  their  roughness ;  and,  in  moving  in  any 
malium,.  will  be  resisted  according  to  the  density  of  the  medium. 
Even  ropes  going  over  piiUies  cannot  be  bended  without  some 
force. 

Among  machines,  some  have  a  great  deal  more  friction  than 
others,  and  some  very  little.  ThuS)  a  pendulum  has  little  or  no 
fiictipxi,rbut  what  arises  from  the  resistance  of  the  air.  But  a 
carriage  Has  a  great  deaf  of  friction.  rV)r,  upon  plain  ground, 
a  loaded  cart  reqjuires  the  strength  of  several  horses  to  dVaw  it 
along,  and  all,  or  most,  of  (his  force  is  owing  to  ils  friction. 
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All  compouDded  machined  have  a  great  deal  of  friction*  and 
so  much  the  more,  as  they  consist  of  more  parts  that  rub  against 
one  another;  and  there  is  great  variety  in  several  sorts  of  bodies, 
as  to  the  quantity  of  friction  they  have,  and  even  in  the  same 
bodies  under  different  circumstances ; .  upon  which  account,  it 
will  be  impossible  to  give  any  standing  rules  by  which  its  Quan- 
tity can  be  exactly  determined.  All  we  can  do  is  to  lay  aown 
such  particular  rules,  as  have  been  deduced  from  experiments 
made  upon  particular  bodies,  which  rules  will  require  some  vari- 
ation, under  different  circumstances,  according  to  the  Judgment 
and  experience  of  the  artist. 

1.  Wood  and  all  metals,  when  oiled  or  greased,  have  nearly 
the  same  friction;  and  the  smoother  they  are  the  less  friction 
they  have.  Yet  metals  may  be  so  far  polished  as  to  increase 
friction,  by  the  cohesion  of  &ieir  parts. 

Wood  slides  easier  upon  the  ground  in  wet  weather  than  in 
dry,  and  easier  tlian  iron  in  dry  weather:  but  iron  slides  easier 
than  wood  in  wet  weather.  Lead  makes  a  great  deal  of  resist- 
ance. Iron,  or  steel,  running  in  brass,  makes  the  least  friction  of 
any.  In  wood  acting  against  wood,  grease  makes  the  motion 
twice  as  easy,  or  rather  two-thirds  easier.  Wheel  naves  greased 
or  tarred,  go  four  times  easier  than  when  wet. 

Metals  oiled  make  the  friction  less  than  when  polished,  and' 
twice  as  little  as  when  unpolished. 

In  general,  the  softer  or  rougher  the  bodies,  the  greater  is  their 
friction. 

2.  As  to  particular  cases,  a  cubic  piece  of  soft  wood  of  eight 
pounds  weight,  moving  upon  a  smooth  plane  of  soft  wood,  at  the 
rate  of  three  feet  per  second,  its  friction  is  about  one-third  the 
weight  of  it.  But,  if  it  be  rough,  the  friction  is  little  less  than 
half  the  weight. 

Upon  the  same  supposition,  other  soft  wood  upon  soft  wood, 
very  smooth,  the  friction  is  about  a  quarter  the  weight. 

Soft  wood  upon  hard,  or  hard  upon  soft,  one-fifSi  or  one-sixth 
the  weight. 

'  Ilard  wood  upon  hard  wood,  one-seventh  or  one-eighth  the 
weight. 

Polished  steel  moving  on  steel  or  pewter,  a  quarter  the  weight : 
moving  on  copper  or  lead,  one -fifth  the  weight;  on  brass,  one- 
sixth  the  weight.  Metals  of  the  same  sort  have  more  friction  than 
different  sorts. 

The  friction,  ceteris  paribus,  increases  with  the  weight,  almost 
in  the  same  proportion.  The  friction  is  also  greater  with  a  greater 
velocity,  but  not  in  proportion  to  it,  except  in  very  few  cases.  A 
greater  surface  also  causes  something  more  friction,  with  the  same 
weight  and  velocity.    Yet  friction  may  sometimes  be  increased 
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by  having  too  little  surface  to  move  on,  as  upon  clay,  &c.  where 
the  body  wnks. 

3.  The  friction  arising  from  the  bending  of  ropes  about  ma- 
chines, differs  according  to  their  stiffness,  the  temper  of  the 
weather,  degree  of  flexibility,  &c.  but,  ceterit  paribus,  the  force 
or  difficulty  of  bending  a  rope  is  as  the, square  of  the  diameter 
of  the  rope,  and  its  tension,  directly ;  and  the  diameter  of  the 
cylinder,  or  pulley,  it  goes  about,  reciprocally. 

A  rope  of  one  inch  diameter,  whose  tension,  or  weight  draw- 
ing it,  IS  51b.  going  over  a  pulley  three  inches  diameter,  requires 
a  force  of  lib.  to  bend  it. 

4.  The  resistance  of  a  plane  moving  through  a  fluid,  is  as 
the  square  of  the  velocity ;  and  (putting  v  =:  velociw  in  feet,  in 
a  second)  it  is  equal  to  the  weight  of  a  column  of  the  fluid,  whose 

base  is  the  plane,  and  height  ^ .    And,  in  a  globe,  it  is  but  half 

64 
so  much. 

5.  The  friction  oCa  fluid  running  through  a  tube  is  as  the  velo- 
city and  diameter  of  the  tube. 

But  the  friction  is  gi^aUer  in  lespect  to  the  quantity  of  the  fluid, 
in  small  tubes,  than  in  large  ones;  and  that,  reciprocally,  as  their 
diameters.  But  the  absolute  quantity  of  the  friction  in  tubes,  i» 
but  very  small,  except  the  velocity  be  very  great,  and  the  tube 
very  long. 

But,  if  a  pipe  be  divided  into  several  lesser  ones,  whose  num- 
ber is  n,  the  resistance  arising  from  the  friction  will  be  increased 
as  t/n ;  for  the  area  of  the  section  of  any  one  pipe,  will  be 

_;  and  the  friction,  being  as  the  circumference,  will  be  as 
n 

;  and,  therefore,  the  friction  in  all  of  them  will  be      ".  > 

\/»*  >/» 

or  as  m/h, 

6.  As  to  the  mechanic  powers :  the  single  lever  makes  no  re- 
sistance by  friction ;  but  it,  by  the  motion  of  the  lever  in  lifting, 
the  fulcrum  or  place  of  support  be  changed  further  from  the 
weight,  the  power  will  be  decreased  thereby. 

7.  In  any  wheel  of  a  machine,  running  upon  an  axis,  the 
friction  on  the  axis  is  as  the  weight  upon  it,  the  diameter  of 
the  axis,  and  the  angular  velocity.  This  sort  of  friction  is  but 
small. 

8.  In  the  pulley,  Kp,  q  be  two  weights,  and  q  the  greater ;  and 

if  W  ::=     ^,  then  W  is  the  weight  upon  the  axis  of  the  single 

pulley,  and  it  is  not  increased  by  the  acceleration  of  the  weight 
9,  but  remains  always  the  same. 
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The  Inctiop  of  the  pvUey  is  very  coauderablej  when  the  sheaves 
rub  against  the  blocks,  and  by  the  wearing  of  the  holes  and 
«des. 

The  friction  on  the  axif^^of  the  pvUey  is  as  the  wei^t  W,  its 
aoguliur  velocity,  the  diamtter  of  the  axis  dhrectly,  and  the  dia- 
meter of  the  pulley  inversely.  A  povirer  of  lOOlb.  with  the  addi- 
^n  of  50lb.  will  but  draw  up  5001b.  vrith  a  taclde  of  £ve. 

And  15  lb.  over  a  singe  pulley  wUl  draw  up  only  14  lb. 

9.  In  the  serew  there  is  a  great  deal  of  motion*  Those  with 
i^aipp  threads  have  more  friction  than  those  with  square  threads. 
And  endless  screws  have  more  than  either.  Screws  with  a  square 
thread !rai$e  a  weight  with. oaose  ease  than  those  with  a  sharp 
4hread. 

In  the  eomm^  Aerow  the  i^ction  is  so  great,  that  it  will  sus- 
tain the  weight  in  any  position  given,  when  the  power  is  taken 
oiF.  And,  therefore,  the  Action  is  at  least  equal  to  the  power. 
From  whence  it  will  follow,  that,  in  the  screw, 

The  power  must  be  Xo  the  weight  or  rebistance,  at  least  as  twice 
the  perpendicular  height  of  a  thrcfad  to  Hie  circumference  de- 
icribed  by  one  revolution  of  the  power,  if  it  be  able  to  raise  the 
weight,  or  only  sustain  it.  This  friction  of  the  screw  is  of  great 
use,  as  it  serves  to  keep  the  weight  in  any  given  position. 

10.  In  the  wedge,  the  friction  is  at  least  equal  to  the  power, 
as  it  retains  any  position  it  is  driven  into;  therefore,  m  the 
wej^e, 

Tn^  power  must  be  to  the  weight,  at  least,  as  the  base  to  the 
height,  to  overcome  any  i^istance. 

1 1 .  To  find  the  friction  of  any  engine,  begin  at  the  powei/and 
consider  the  velocity  and  the  Weight  at  ihh  first  robbing  part ;  and 
estimate  its  quantity  of  friction  by  some  of  the  foregoing  articles. 
Then  proceed  to  the  next  rubbing  qpis^t,.and  do  ihe  same  for  it. 
I^<j.  so  on  through  the  whole. 

And  note,  something  more  is  to  be  allowed  for  increase  of 
iricftion,  Jby  eve^  new  addition  to  the  power. 

Car.  Hence  will  appear  ihe  difficulty y  or  rather  impoMiUty,  of  a 
perpttual  motion,  or  such  a  motion  as  is  to  continue  the  stone  for 
ever,  or,  at  lecist  as  long  as  the  materials  wiU  last  that  compose  the 
moving  machine.  ^ 

For  such  a  motion  as  this  ought  coptii)ualIy  tg  return  \iQdiopr 
nished,  notwithstanding  any  resistance  it  meets  with,  which  is  imr 
possible ;  for,  although  any  body  once  .put  iii^to  nootipn,  a]>d  mov- 
ing freely  without  any  resistance,  or  any  external  retarding  force 
aeting'u^on  it^  would  for  ever  ffetasn.tluLt  motion.  Yetpn  Ihct^ 
we  are  certain,  that  no  body  or  machine  can  move  ait  all  without 
some  degree  of  fHction  and  resistance.    And>  therefore)  it  must 
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MLow,  that  from  the  resistance  of  the  medium,  and  the  friction  of 
the  narta  of  the  machine  upon  one  another,  its  motion  will  gn- 
dually  decay,  till,  tH  last,  all  the  motion  is  destroyed,  and  the  ma* 
chine  is  at  rest  Nor  can  this  he  otherwise,  except  some  new 
active  force,  equal  to  all  its  resistance,  adds  a  new  motion  to  it 
But  that  cannot  be  from  the  body  or  machine  itself;  for  then  the 
body,  would  move  itself,  or  be  the  cause  of  its  own  motion,  whidi 
is  absurd. 

PROP.  CXIX. 

To  CONTRIVE  A  PROPER  MACHINE  THAT  SHALL  IffOYE  A  OlYElt 
WEIGHT  WITH  A  GIVEN  POWER,  OR,  WITH  A  GIVEN  QUANTITY 
OF  FORCE,  SHALL  OV£RCOH£  ANT  OTHER  GIVEN  RESISTANCE. 

If  the  given  power  is  not  able  to  overcome  the  given  resistanee, 
when  directly  applied,  that  is,  when  the  power  applied  is  less 
than  the  weight  or  resistance  given,  then  the  thing  is  to  be  pei^ 
formed  by  Ibe  help  of  a  machine  made  with  leverg^  vhetU^  pmuieif 
screw$9  sc.  so  aajusted,  that  when  the  weight  and  pow^  ^are 
pat  in  mo'tion  on  the  machine,  the  velocity  of  the  power  may  be 
at  least  so  much  greater  than  that  of  the  weight,  as  the  weight 
and  £nctioB  of  the  machine,  taken  together,  is  greater  than  the 
power.  For  on  this  principle  depends  the  mechanism  or  oontri* 
vance  of  mechanical  engines,  usea  to  draw  or  raise  heavy  bodies, 
Gr  overcome  any  other  force.  The  whole  design  of  these  being 
to  give  such  a  velocity  to  the  power  in  respect  of  the  weight,  as 
that  the  momentum  of  the  power  may  exceed  the  momentum  of 
the  weight.  For,  if  machines  are  so  contrived  that  the  vel(>* 
cities  of  the  agent  and  resistant  are  reciprocally  as  their  forces,  the 
agent  will  just  sustain  the  resistant;  but,  with  a  greater  degree  of 
velocity, .  will  overcome  it.  So  that,  if  the  excess  of  velocity 
in  the  power  is  so  great  as  to  overcome  all  that  resistance 
which  commonly  arises  from  the  friction  or  attrition  of  con^ 
tiguous  bodies,  as  they  slide  by  one  another,  or  firom  the  cohe* 
sion  of  bodies  that  are  to  be  separated,  or  from  the  weights  of 
bodies  to  be  raised,  the  excess  of  the  force  remaining,  after  all' 
these  resistances  are  overcome,  will  produce  an  acceleration  of 
motion  proportional  thereto,  as  well  m  the  parts  of  the  machine, 
as  in  the  tesistihg  body.  Now,  how  a  machine  may  be  contrived 
to  perform  this  to  the  best  advantage,  will  appear  from  the  fol- 
lowing rules. 

1.  Having  assigned  the  proportion  of  your  power  and  the 
weight  to  be  raisra,  the  next  tmng  is  to  consider  how  to  com-* 
bine  levers, .wheals,  pullies,&c.  so  that,  working  together,  they  may 
be  abte  to  give  a  velocity  ta  ^  power,  which  shaU  be  to  that  if 
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the  weight,  semething  greater  than  in  the  proportion  of  the 
Mveight  to- the  power.  This  done,  you  roust  estimate  your  quan- 
tity of  friction,  by  the  last  Prop.;  and  if  the  velocity  of  the  power 
be  to  that  of  the  weight,  still  in  a  greater  proportion^  than  the 
weight  and  friction  taken  •  together  is  to  the  power,  then  your 
machine  will  be  able  to  raise  the  weight.  And  note,  this  pio- 
portion  must  be  so  rnuch  greater,  as  you  would  jiave  your  engine 
work  faster.  •    • 

2.  But  the  proportion  of  the  velocity  of  the  power  and  weight, 
must  not  be  made  too  great  neither.  For  it  is  a  fault  to  give  a 
machine  too  much  power,  as  well  as  too  little ;  for  if  the  power 
can  raise  the  weight,  and  overcome  the  resistance,  and  the  engine 
perform  its  proper  effect  in  a  convenient  time,  and  works  well, 
It  is  sufficient  for  the  end  proposed.  And  it  is  in  vain  to  make 
more  additions  to  the  engine,  to  increase  the  power  any  further  ; 
for  that  would  not  only  be  a  needless  expense,  but  iie  engine 
woiildl  lose  time  in.  working.  : 

-  3.  As  to. the  power  applied  to  work  the  engine.it  may  be 
either  a  living  power,  as  men,  liorses,  &c.,  or  an  artificial  power, 
as  a  spring;  &c.,  or  a  natural  power,  as  wind,  water,  fire,^weights, 
&c. 

. :  When  the  quantity  of  the  power  is  known,  it  matters  not,  as  to 
the  effect,  what  kind  of  power  it  is.  For  the  same  quantity  of 
any  sort  will  produce  the  same  effect;  and  difierent  sorts  of 
powers  may  be  applied,  in  an  equal .  quantity,  a  great  variety  of 
ways^  .:'.••  ... 

;  The  most  easy  power  applied  to  a  machine  is  weight,  if  it  be 
capable  of  effecting  the  thing  designed.  If  not,  then  wind,  wa- 
ter, &c.,  if  that  can  conveniently  be  had,  and  vnthout  much  ex* 
pense.  .  .      -     . . 

.  A  spring  is  also  a  convenient  moving  pow«r  for  several  ma- 
chines; but.it  never  acts  equally  as  a  weight  does;,  but  is 
stronger,  when  much  bent,  than  when  but  a  little  bent,  and 
that  in  proportion,  to  the  degree  of  bending,  or  the  distance  it  is 
forced  to. .  But  springs  grow  weaker  by  often  bending,  or 
remaining,  long  ,bent ;  yet  they  recover  part  of  their  stren^  by 
lying  unbent. 

'.  The  natural  powers,  wind  and  water,  may  be  applied  with  vast 
advantage  to  the  working  of  great  engines,  when  managed  with 
skill  and  judgment.  The  due  apphcation  of  these. has  much 
abridged  the  labours  of  men ;  for  there  is  scarce  any  labour  to  be 
performed,  but  an  ingenious  artificer  can  tell  how  to  apply  these 
powers  to  execute  his  design,  and  answer  his  purpose.  For  any 
constant  motion  being  given,  it. may,  by  a  4ue  application,  be 
made  to  produce  any  other  motions  we  deisire..  ^Therefore,  these 
powers  are  the  most  easy  and  useful,  and  of  the  greatest  benefit 
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to  mankiDd.  Besides,  they  cost  nothing,  nor  require  any  repeti- 
tion or  renewing, 'like  a  weight  or  a  spring,  which  require  to  be 
"woand  up.  -  When  these  cannot  be  haa,  or  cannot  serve  our  end, 
.we  have  recourse  to  some  liring  power,  as  men,  horses,  &c. 

4.  Men  may  apply  their  strength  several  ways,  in -working  a 
machine.  A  man  of  ordinary  strength,  turning-  a  roller  by  the 
handle,  can  act  for  a  whole  day  against  a  resistance  equal  to 
30  lb.  weight;  and^  if  he  works  ten  hours  in  a  day,  he  vrill  raise 
a-  weight  of  30  lb.  3^  feet  in  a  second ;  or,  if  the  weight ,  be 
^greater,  he  will  raise  it  so  much  less  in  proportion.  But  a 
man  may  act,  for  a  small  time,  against  a  resistance  of  50  lb.,  or 
more. 

-  If  two  men  work  at  a  windlass,  or  roller,  they  can  more  easily 
^faw  up  70  lb.  than  one  man  can  30  lb.  provided  the  elbow  of 
one  of  the  handles  be  at  right  angles  to  that  of  the  other.  And; 
■with  a  fly  or  heavy  wheel  applied  to  it,  a  man  may  do  one-third 
part  more  work,  and,  for  a  little  while,  act  with  a  force,  or  over- 
cotne  a  continiial  resistance  of  80  lb.  and  work  a  whole  day  when 
the  resistance  is  but  40  lb. 

M^nused  to  carrying,  such  as  porters,  will  carry,  some  150  lb., 
others  200  or  250  lb.  according  to  their  strength. 

-  A  raafn  can  draw  about  70  or  80  lb.  horizontally ;  for  he  can 
^t  apply  about  half  his  weight. '  .  . 

•If  iie  weight  of  a  man  be  140  lb.  he  can  act  with  no  greater  a 
force  in  thrusting  horizontally,  iX  the  height  of  his  shoulders,  than 
271b.  ... 

-  As  to  horses.  A  horse  is,  generally  Speaking,  as  strong  as  fiVe 
men.    A  horse  will  carry  240  or  270  lb.. 

A  horse  draws  to  greatest  advantage  when^  the  line  of  direc- 
tion is  a  little  elevated  above  the  horizor,  and  the  power  acts 
against  his  breast;  and  can  draw  200  lb.  forteight  hours  in  a  day^ 
at  two  miles  and  a  half  in  an  hour.  If  he  draw  240  lb.  he  can  work 
but' six  hours,  and  not  go  quite  so  fast.  And,' in  both  cases,  if  ht 
carnes-some  weight,  he  will  draw  better  than  if  he  carried 
none.  And  this  is  the  weight  a  horse  is  supposed  to  be.  able  to 
draw  over  a  pulley,  out  of  a  ^ell.  In  a  cart,  a  horse  may  draw 
1000  lb. 

'•  The  most  force  a  horse  can  exert  is,  when  he  draws  something 
above  a  horizontal  position.  '  • 

The  worst  way  of  applying  the  strength  of  a  horse,  is  to  make 
him  carry  or  draw  up  hill.  And  three  men,  in  a  steep  hill', 
carrying  each  100  lb.  will  climb  up  fester  than  a  horse  vnth 
300  1b. 

'  Though  a  horse  may  draw  in  a  round  walk  of  18  feet  diame- 
ter, yet  such 'a -walk  should  not  be  less  than  25  or30feetdia^ 
meter.'  • 
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5.  Every  machine  ought  to  be  made  of  as  few  parts^  aod  thoee 
as  simple  as  possible,  to  answer  its  purpose ;  not  only  because 
the  expense  of  making  and  repairing  will  oe  less,  but  it  will  alsa 
be  less  liable  to  any  disorder.  And  it  is  needless  to  do  a  thing 
widi  many,  whic^  may  be  done  with  fewer  parts. 

6.  If  a  weight,  is  to  be  raised  but  a  yeiy  little  way,  the  lever  is 
the  most  simple,  easy,  and  ready  machini^.  Or  if  the  weight  be 
Tery  great,  the  common  screw  is  most  proper.  But  if  the  weight 
is  to  be  raised  a  great  way,  the  wheel  and  axle  is  a  proper  power^ 
and  blocks  and  pullies  are  easier  still ;  aod  tiie  same  may  be 
done  by  help  of  the  perpetual  screw. 

'  Great  wheels,  to  be  wrought  by  men  or  catde,  are  of  most  use 
and  convenience  when  their  axles  are  perpendicular  to  the 
horizon;  but,  if  by  water,  &c.,  then  it  is  best  to  have  their  axles 
horizontal. 

7.  As  to  the  combination  o(  simple  machines  together;  to  make 
a  compound  one :  though  the  lever,  when  simple,  cannot  raise 
a  weignt  to  any  great  height,  and,  in  this  case,  is  of  little  ser- 
vice, yet  it  is  of  great  use  when  compounded  vrith  others.  Tbnu^ 
the  spokes  of  a  great  wheel  are  all  levers  perpetually  acting  ;  and 
a  beam  fixed  to  the  axis  to  draw  the  wheel  about  by  men  or 
horsesy  is  a  lever.  Hie  lever,  also,  may  be  combined  wiUi  the 
screw,  but  not  conveniently  with  pulUes,  or  with  the  wedi^* 
The  wheel  and  axle  is  combined  with  great  advantage  with 
pullies.  The  screw  is  not  well  combined  with  pullies ;  but  the 
perpetual  screw,  combined  with  the  wheel,  is  vny  senrioMbii^ 
Tbe  wedge  cannot  be  combined  vrith  any  other  mecliaiiical 
power;  and  it  only  performs  its  effect  by  percussion;  but.iius 
torce  of  percussion  may  be  increased  by  engines. 

Pullies  may  be  combined  with  pnUies,  and  wheels  widi 
wheels ;  therefore,  if  any  single  wheel  would  be  too  large,  and 
take  up  too  mudi  room,  it  may  be  divided  into  two  or  tliree 
more  wheels  and  trundles,  or  wheels  and  pinions,  as  in  dock- 
work,  so  as  to  have  the  sapae  power,  and  perform  the  same 
effect. 

In  wheels  with  teeth,  the  number  of  teeth  that  play  together  in 
two  wheels,  ought  to  be  prime  to  each  other,  that  the  same  teeth 
may  not  meet  at  every  revolution.  For,  when  different  teeth 
meet,  they,  by  degrees,  wear  themselves  into  a  proper  figare; 
therefore  they  should  be  contrived,  that  the  same  teem  meet  as 
seldom  as  possible. 

8.  The  strength  of  every  I>art  of  the;  machine  ought  to  be  made 
proportional  to  the  tttress  it  is  to  bear ;  and,  therefore,  let  ereiy 
lever  be  made  so  mnch  stronger,  as  its  length  and  the  weight  it  is 
to  support  is  greater.  And  let  its  strengm  diminish  proportion^ 
ally  from  the  fulcrum,  or  point,  where  the  greatest  stress  is,  to  each 
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end.  Tbfi  ax}ea  of  wbesU  and  pullies  must  be  so  mocli  itroDgery  as 
tbe/  ai€  to  bear  greater  weigot  The  teeth  of  wheelsy  mi  die 
wheelfi  theaoselyea^  which  act  with  greater  force,  must  be  propor^ 
ally  stronger.  Aiid  io  any  combinatioo  of  wheels  and  axles^ 
mke  dieir  strength  dimioish  gradually  from  the  weight  to  the 
power,  so  that  the  strength  of  every  part  be  reciprocally  as  the 
ydoei^  it  has.  The  strength  of  ropes  nuist  be  acooiding  to  their 
tension,  and  that  is  as  the  squares  of  their  diameters,  (see  the  end 
of  Sect,  VXII.)  And,  in  gsnersd,  whatever  parts  a  machine  if 
composed  of,  the  strength  ot  every  particular  part  of  it  mu^t  be 
adjusted  to  the  stress  upon  it,  aocdraing  to  Sect.  VIII.  Thereibre, 
ia  square  beams,  the  cubes  of  the  diameters  must  be  made  propor* 
tional  to  the  stress  they  bear.  And  let  bo  part  be  stroomr  of 
i^igger  than  is  neeessary  for  the  stress  upon  it ;  not  only  for  the 
ease  and  well<^oiiig  of  the  machine,  but  for  the  diminishing  the 
fiiotion.  For  all  superfluous  martter  in  any  part  of  it,  is  nothing 
Imt  a  dead  weight  upon  the  machine,  and  serves  for  nothing  but 
to  dog  its  motion.  And  he  is  by  no  means  a  perfect  mechanic, 
that  does  not  only  adjust  the  strength  to  the  stress,  but  also  eon* 
trive  all  the  parts  to  last  equally  well,  that  the  whole  nmi;hiiit 
may.£ail  togemer. 

9.  To  avoid  friction  as  much  as  possible,  the  machine  oi||^ 
not  to  have  any  unnecessary  motions,  or  useless  parts;  fer  a 
multiplioily  of  pajrts,  by  their  weight  and  motion,  mcrease  the 
firJMition.  The  diam^ers  of  the  wheels  and  pullies  ought  to  be 
}ai<gey  and  the  diameters  of  the  arbors  or  spindles  they  run  on» 
as  small  as  can  be  consistent  wiih  their  strength.  AH  ropes  and 
cords  mast  be  as  pliable  as  possible,  and  for  that  end  are  rubbed 
with  tar  or  grease ;  the  teeth  of  wheels  must  be  'mede  to  fit  and 
fill  up  the  openings,  and  cut  in  the  form  of  epicycloids.  AH  the 
axles,  where  the  motion  is,  and  all  teeth  where  they  work,  and  aU 
parts  that,  in  working,  rub  upon  one  another,  must  be  made 
smooth;  and,,  when  the  machine  goes,  must  be  oiled  or  gieased. 
If  » joint  is  to  go  pretty  stifi"  and  steady,  rub  a  little  grease  upoa 
it. 

The  axis  41  (f%.  2.  P/.  XVIII.)  of  a  wheel  may  have  itsfrio^ 
tion  diminished^  by  causing  it  to  run  on  two  rollers,  B,  C,  turn* 
mg  repmd  ws^h  it,  upon  t«i^o  centres. 

Like^^,  instead  of  the  teeth  of  wheels,  ei»e  may  place  little 
wheels,  aft  A«B,  (,Fig.  3.  PL  XVIII.)  running  upon  an  axis  in  its 
oentfe.    And  this  will  take  away  almost  all  the  friction  of  the 
teeth.    And,  in  lanterns  or  trundles,  the  rounds  may  be  made  to  - 
tum  aboul^  instead  4>f  being  ^xed, 

la aiU.9iacb^|.  with,  wheels,  the  aides  or  s|^indles  ought  net 
to  sha)ce,.  ii4m<^  they  wiU  dp,  if  they  be  too  short.  And  their  endf 
ought  just  to  fill  their  holes. 
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When  the  teeth  of  a  wheel  are  much  worn  away,  it  makes -that 
wheel  move  irregularly  about,  increases  the  friction,  and  requires 
more  force,  and  may  cause  the  teeth  of  two  whe^  to  run  foul 
ut>on  one  another,  and  to  stop  their  motion,  and  endanger  break- 
ing the  teeUi.  To  prevent  this,  proper  care  should  be  taken  to 
dress  the  teeth,  and  keep  them  to  their  proper  figune. 
'  10.  When  any  motion  is  to  be  long  continued,  contrive  the 
power  to  move  or  act  always  one  way,  if  it  can  be  done.  For 
this  is  better  and  easier  performed  than  when  the  motion  is  inter- 
rupted, and  the  power  is  forced  to  move,  first,  one  way  and  then 
another,  because  every  new  change  of  motion  requires  a  new 
additional  force  to  effect  it.  Besides,  a  body  in  motion  cannot 
suddenly  receive  a  contrary  motion,  without  great  violence.  And 
the  moving  any  part  of  the  machine  contrary  ways  by  turns,  with 
sudden  jerks,  tends  ohly  to  shake  the  machine  to  pieces. 
"  11.  Tn  a  machine  that  mov^s  always  one  way,  endeavour  to 
bate  the  motion  uniform.  Some  methods  of  doing  this  may  be 
seen  in  Prop.  CXIII.  and  if  one  uniform  motion  be  required 
ta  produce  a  motion  either  uniform  or  accelerated,  some  light 
may  be  had  from  Prop'.  CXI.  Likewise  how  to  communicate 
motion,  consult  Prop.  CX.  And  to  change  the  direction,  see 
Prop;CXfI. 

12.  But  when  the  nature  of  the  thing  requires  that  a  motion  is 
to  be  suddenly  communicated  to  a  body,  or  suddenly  stopped,  to 
prevent  any  damage  or  violence  to  the  engine,  by  a  sudaen  jdt, 
Ifet  the  force  act  against  some  spring,  or  beam  of  wood,  which 
may  supply  the  place  of  a  spring. 

13. '  In  regard  to  the  size  of  the  machine,  let  it  be  made  as  large 
as  it  can  convehiently.  The  greater  the  machine,  the  exacter  it 
will  work,  and  perform  all  it  motions  the  better.  For  there  will 
alwayit  be  soine  errors  in  the  making,  as  well  as  in  the  materials, 
and,  consequently,  in  the  working  of  the  machine.  The  resist- 
ance of  the  medium  in  some  machines  has  a  sensible  effect.  But 
all  these  mechanical  errors  bear  a  less  proportion  to  the  motion 
of  the  machine,  in  great  machines  than  m  little  ones,  being  neariy 
reciprocally  as  their  diameters,  supposing  they  are  made  oftiie  same 
nsatter,  and  with  the  same  accuracy,  and  are  equally  well  finished. 
Therefore,  in  a  small  machine,  they  are  more  sensible,  but  in  a 
great  one  almost  vanish.  Therefore,  great  machines  will  answer 
better  than  smaller,  in  all  respects,  except  in  strength,  for  the 
greater  the  machine  the  weaker  it  is,  and  less  able  to  resist  any 
violence. 

14.  For  engines  that  go  by  water,  it  is  necessary  to  measure 
the  velocity  and  force  of  the  water.  To  get  the  velocity,  drop  in 
pieces  of  sticks,  &c.,  and  observe  how  hr  they  are  carried  m  a 
second,  on  any  given  time.  '       .  ' 
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But  if  it  flow  through  a  hole  in  a  resenroir  or  standing  recep^ 
tacle  of  water,  the  velocity  will  be  found  from  the  depUi  of  the 
hole  below  the  surface,  by  Cor.  2.  Prop.  XCVII. ;  and  its  force 
by  Cor.  l.Prop.CVIL 

.  Thus,  let  s  z=  16  j^/eet^  v  zz  velocity  of  the  fluid  per  second. 
B  n  the  area  of  the  hole.  U  =:  height  of  the  water ;  all  in  feet. 
Then  the  velocity  v  :=^2fH;  and  its  force  =:  the  weight  of  the 

quantity  ^  B  or  HB  of  water,  or  r=  »  HB  hundred  weight ; 
^  ^    2s  112  *     ' 

because  a  cubic  foot  is  =:  62A  lb.  avoirdupois.  Also,  a  hogshead  is 
about  8}  feet,  or  531  lb.  and  a  tun  is  four  hogsheads. 

When  you  have  but  a  small  quantity  of  water,  you  must  con- 
trive it  to  fall  as  high  as  you  can,  to  have  the  greater  velocity, 
andj  consequently,  more  force  upon  the  engine. 

15.  If  water  is  to  be  conveyed  throu^  pipes  to  a  great  dis- 
tance, and  the  descent  be  but  small,  so  mudi  larger  pipes  must  be 
used,  because  the  water  will  come  slow.  And  these  pipes  ought 
not  to  be  made  straighter  in  some  places  than  others ;  ibr  the 
quantity  of  water  conveyed  through  them  depends  upon  ttie  big- 
ness of  the  bore  at  the  straightest  place.  . 

Pipes  of  conduct  coming  directly  from  an  engine,  should  be 
made  of  iron,  with  flanches  at  the  ends  to  screw  them  together, 
with  lead  between,  or  else  of  wood ;  for  lead  pipes  will  bulge  out 
at  every  stroke  of  the  engine  and  burst ;  but  pipes  next  a  jet 
must  be  lead.  Pipes  should  not  turn  off  at  an  angle,  but  gra- 
dually in  a  curve ;  pipes  of  elm  will  last  twenty  or  thirty  years  in 
the  ground ;  but  they  must  be  laid  so  deep  that  the  frost  may 
not  reach  them,  or  else  the  water  must  be  let  out,  otherwise  the 
frost  will  split  tfiem. 

'  Hie  thickness  of  any  pipe  must  be  as  the  diameter  of  the  bore, 
and  also  as  the  depth  from  the  spring.  For  a  lead  pipe  of  6  inches 
bore,  and  60  or  70  feet  high,  the  thickness  must  be  half  an  inch; 
and  in  wooden  pipes  2  inches. 

Water^hould  not  be  driven  through  pipes  fester  than  four  feet 
per  second,  by  reason  of  the  imtion  of^the  tubes.  Nor  should  it 
be  much  wire-drawn,  that  is,  squeezed  through  smaller  pipes ; 
for  that  creates  a  resistance,  as  the  water-way  is  less  in  narrow 
pipes.  1 

And  in  pump  vrork,  where  water  is  conveyed  through  pipes 
to  higher  places,  the  bores  of  the  pipes  should  not  be  made  too 
straight  upwards ;  for  the  straighter  they  are  near  the  top,  die  less 
water  will  be  disdiarged ;  nor  should  the  pipe  that  brings  the 
water  into  the  pump  be  too*  straight,  for  the  same  reason..  The 
wider  these  are,  the  easier  the  pump  works. 

When  pipes  are  wind  bound,  that  is,  when  air  is  lodged  in 
them  that  the  water  can  hardly  pass,  it  must  be  discharged  thus  r 
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Going  from  the  spring'  tiU  you  oome  to  the  first  rising  of  the 
grouvdy  dig  it  open  till  tli«  pipe  belaid  bare;  then,  with  a  nail 
driven  into  it  at  the  highest  part,-  or  rather  a  little  beyond,  make 
a  hole  in  the  top,  and  all  the  air  will  blow  out  at  the  hole,  and 
when  the  water  comes,  batter  up  the  hde  agaiiK  Do  the  same 
at  every  eminence,  and  all  the  air  will  be  discharged.  If  the  wa- 
ter runs  fast  tiirougfa  the  pipes,  the  air  wili^  be  beyond  the  emk 
nence ;  but  stopping  the  water,  the  air  will  ascend  to  the  highest 
part.  K  air  be  driyen  m,  at  first,  along  with  the  water,  the  nail- 
hole  must  be  left  open,  or  a  cock  placed  t^re  to  open  oocatMm* 
ally.  Sometimes,  a-  small  leaden  pipe  is  placed  over  the  otiier, 
oommuiiicaiting  with  it  in  several  places,  in  which  is  a  cock  at  top 
to  open  upon  oocasioD^ 

16.  When  any  work  is  to  be  performed  by  a  water-wheel 
moved  by  the  water  running  under  it,  and  striking  the  paddles 
or  laddie  boards,  {Fig,  2.  PL  XIX.)  the  channel  it  moves  in 
ought  to  be  something  wider  than  the  hole  of  the  adjutage^  and  so 
close  to  the^oats  on  every  side,  as  to  let  little  or  no  water  pass; 
and  when  past  the  wheel,  tx>  open  a  little  that  the  water  may 
spread.  It  is  of  no  advantage  to  have  a  great  number  of  ficMats  or 
piKiiles,  for  these  past  the  perpendicular  are  resisted  by  the  bock 
V^ater,  and  those  before  it  are  struck  obliquely.  The  greatest 
effect  that  such  a  whed  can  perform,  in  communicating  any  mo- 
tion, is  when  the  paddles  of  the  wheel  move  with  ^  the  velocity  of 
the  water;  in  which  case,  the  force  upon  the  paddles  is  |  only; 
supposing  ^e  absolute  force  of  the  water  against  the  paddles, 
when  the  wheel  stands  still,  to  be  1.  So  that  the  utmost  mo- 
tion- which  the  wheel  can  generate,  is  but  ^  of  &at  whipfa  the 
force  of  the  water  against  the  paddles  at  rest  would  produce. 
This  is  when  tiie  wbtel  is  at  the  best;  but,  oftentimes,  fitr  less  is 
done. 

Machines  to  ndse^  wfrter,.  though  well  mad^,  seldom  lose  less 
than  i  the  computed  quantity  of  water  to  be  raused.  The  best 
contrived  engine^  is  scarce  \  part  better  than  the  worst  contrwed 
engineer  when  they  aiie  equally  welt  executed. 

A  man  witb  the  best  water  engine  caanot  raise  above  one  hogs- 
heads of  water  in-a  mimite^  10  feet  high,  to  Work  all  di^. 

17.  When  a  weight  is  to  be  raised  with  a  given  corporeal 
power,  by  metoi  of-  the  wheel  and  axle,-  so  that  the  weighs  may 
recer^  the  greatest' motion  possible  in  a  given  time ;  the  mmHus 
of  the  wheel  and  a9Blc,.affid  the  weighl^to  be  raised^  ovigfat.to  be  s& 
adjusted,  that  the  radius  of  the  axle  (£F>  :  (J%.  3.  PL  ULy  maj^ 
be  to  the  radius  of  the  wheel  (AB)  : :  as^f  the'  power  (tP)  :  to 
the  weight  to  be  raised  (W> :  or,,  whi^h  oomes  to  the  saiaa 
thing,  the  velocily  gained  by  the  power  ill-  desoeudiiig  must  be  i 
of  the  vtelocity-wldeh  woidd  be  gainediby  gourity  m  the  same  time. 
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This  only  holds  good  when  the  power  is  a  heaTy  body,  as  well 
as  the  weight ;  but  does  not  take  place,  when  the  power  is  some 
immaterial  active  force,  such  as  that  of  an  elastic  medium,  th« 
strength  of  a  spring,  &c.,  whose  weight  is  inconsiderable. 

18.  Thae  prinaples,  alto,  are  very  utefid,  and  nectttary  to  be 
known,  where  water-works  are  concerned. 

The  pressure  of  the  atmosphere  upon  a  square  inch  is  14.7  lb. 
avoird.  at  a  medium. 

The  weight  of  a  column  of  water,  equal  to  the  weight  of  the 
atmosphere,  is  11  }  yardt, 

A  cubic  foot  of  water  weighs  62|  lb.  avoird,  and  contains  6.128 
ale  gallons, 

^  ale  gallon  of  water  contains  282  mcfta,.aiid  weighs  10.2  lb. 
avoird, 

A  tun  of  water,  ale  measure,  weighs  1.1  tun  avoird,  at  63  gal- 
lons the  hogshead. 

A  cylinder  of  water  a  yard  high,  and  d  inches  in  diameter,  con- 
tains ^ddale  gallons,  and  weighs  it  dd  pounds  avoird. 
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SECTION  THIRTEENTH. 

THE  DESCRIPTION  OF  COMPOUND  MACHINES 
OR  ENGINES,  AND  THE  METHOD  OF  COM- 
PUTING THEIR  POWERS  OR  FORCES;  WITH 
SOME  ACCOUNT  OF  THE  ADVANTAGES  AND 
DISADVANTAGES  OF  THEIR  CONSTRUCTION. 


PROP.  CXX. 

To    DESCRIBE    SEVERAL   SORTS   OF     ENGINES,    AND    TO     COMPUTE 
THEIR  FORCES  OR    EFFECTS. 

There  are  two  things  required  to  make  a  good  mechanic  or 
engineer.  The  first  is,  a  good  invention  for  contriving  all  the 
parts  of  a  machine,  to  perform  its  motions  and  effects  in  the 
most  simple  and  easy  manner.  The  next  is,  to  be  able  to  com- 
pute the  power  or  force  of  it,  to  know  whether  it  can  really  per- 
form the  effect  expected  from  it,  or  not.  The  foundation  of  both 
these  has  been  already  laid  down  in  this  book.  What  seems  to 
be  necessary  farther  is,  to  give  some  examples  in  practice,  by 
shewing  the  construction  of  several  mechanic  engines,  and  com- 
puting  their  powers.  As  there  is  great  skill  and  sagacity  in  con- 
triving fit  and  proper  ways  to  perform  any  motion,  so  this  is  prin- 
cipally to  be  attained  by  practice,  and  a  thorough  acquaintance 
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mth  machines  of  several  kinds.  I  shall,  themfoie,  gif«  tfie  m^ 
chanical  -constraction  of  several  sorts  of  machines,  mine  ftv  seve* 
ral  different  purposes,  which  will  assist  thi>  reader's  invention^ 
and  give  him  some  idea  how  he  may  proceed  in  contriving  a  mar 
chine  for  any.end  proposed.  Of  which  I  shall  only  give  a  short 
ezpianation  of  the  pnncipai  parts,  not  troubling  the  leader  with 
any  description  of  their  minuter  ones,  nor  how  they  are  joined 
together,  or  strengthened^  &c.  It  is  sufficient  here  to  shew  the 
disposition  and  nature  of  the  principal  members;  the  rest  belongs 
to  carpenters,  joiners,  smiths,  &c.  and  is  easily  understood  by 
any  one. 

To  compute  their  powen, 

1.  As  to  simple  machines ;  they  are  easily  accounted  tar,  and 
their  forces  computed,  by  the  properties  of  the  mechanic  powers. 

2.  For  compound  machines ;  suppose  any  ■  machine  divided 
into  all  the  simple  ones  that  compose  it.  Then  begin  at  the 
power  and  call  it  1 ;  and,  by  the  properties  of  the  mechanic 
powers,  find  the  force  with  which  the  nrat  simple  machine  acts 
upon  the  second,  in  numbers.  Then  call  this  force  1,  and  find 
the  force  it  acts  upon  the  third,  in  numbers.  And  putting  this 
force  1,  find  the  force  acting  on  the  fourth,  in  numbers ;  and 
so  on  to  the  last  Then  nmltiply  all  these  numbers  together,  the 
product  wiU  give  the  force  of  the  machine,  supposing  the  first 
|>ower  1. 

3.  When  puUies  are  concerned  in  the  machine,  all  the  parts  of 
the  same  running  rope,  diat  ^o  and  return  about  several  pulfies, 
fi^ly  and  without  interrupuon,  must  be  all  numbered  aliiEe  for 
the  force.  And  if  any  rope  act  against  several  others,  it  must  be 
nnmbered  with  the  sum  otall  these  it  acts  against 

4.  In  a  combination  of  wheels ;  take  the  product  of  the  num- 
ber of  teeth  in  all  the  wheels  that  act  upon  and  drive  others,  for 
the  power ;  and  the  product  of  the  teeth  in  all  the  wheels  moved 
by  tnem,  for  the  weight.  Or,  instead  of  the  teeth,  take  the  dia- 
meters. 

Ortkus, 

When  a  machine  is  in  motion,  if  yon  measure  the  velocity  of 
Ifae  weight,  and  that  of  the  power,  in  numbers.;  then  the  first 
nnmber  to  the  second,  gives  the  proportion  of  the  power  ^to  the 
weight 

Othervfise  thuu. 

In  wheel  work,  there  are  always  two  wheels  fixed  upon  one 
aiis,  or  else  one  wheel,  and  a  piiiion,  trundle,  or  banrei,  ^dileh 
su(mlies  the  place  of  a  wheel.  Of  these  two,  odl  that  wheel  the 
fcooer,  which  is  acted  on  by  the  power,  or  by  some  other  wheel ; 
and  the  other,  on  the  same  axis,  called  the/^li^uvr,  which  drives 
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some  other  £)rw9id.  Then,  having  either  the  number  of  teeth,  or 
the  diameter  of  each,  take  the  product  of  all  the  leaden,  for  the 
v^eight :  and  the  proehtct  (^aU  the  folhiaers,  for  the  power.  Here 
the  leader  receives  the  motion,  and  the  follower  gives  it. 

5.  Aod  if  the  velocity  of  the  power  or  weight  .be  required  3 
Take  -  the  product  of  aU.  the  leaders,  for  the  veloaty  of  the  power  f 
and  the  product.  qfaU  the  fpUowerSyfor  thevehcUy  of  the  weight. 
'   Other  things. that  are  more  complex  and  difficult,  must .  be  re* 
feined  to  the  general  laws  of  motion* 

Example  I. 

Sdssars,  pinchers,  &c.  may  be  referred  to- the  lever  of  the  first 
l^nd.  .A  handspike  and  crow  are  levets  of  the  first  kind.  Knioes 
fixed  atone  end,  to  cut  wood,  bread,  &c.  are  levers  of  the  second 
kind.  The  hones  in  animals,  also  tangs,  are  levers  of  the  third 
kind.    A  hammer  to  draw  a  nail  is  a  bended  lever. 

Example  II.  , 

.  A  wincUasSy  and  a  capstan  in  a  ship,  and  a  crane  to  draw  up 
goods  out  of  a  ship  or  boat,  may  be  referred  to  the  wheel  and 
axle.  ■    .    - 

Example  III. 

An  edge  tools  and  instruments  with  a  sharp  point,  to  cut,  cleave, 
slit,  chop,  pierce,  bore,  &c:  as  knives,  hatchets,  sdssats,  swords^ 
(oc^im,  &c.  may  be  reduced  to  the  wedge. 
Example  IV. 

Th6  bar  AB  (Fig.  7.  PL  XVIII.)  bearing  a  weight  C,  may  be 
nfersed  to  the  lever,  where  the  weight  upon  A  :  to  the  weight 
uponB::  is  as  BC;  to  AC. 

Example  V. 

likewise,  if  twp  horses  draw  the  weight  W,  (Fig.  5.  PI.  XVIII.) 
in  ^e  directions  A  1>  B  2,,by  help  of  £e  mingtree  AB,  this  may 
be  referred  to  the  lever.  And  the  strength  or  force  at  A,  to  that 
ofB::  is  as  BC:  to  AC. 

E^AMPLEiVl.       : 

ACB  {Fig.  6.  PU  XVIII.)  is  a  balance,  where  the  brachia  AC; 
CB  b^ing  equal,  the  w«ight8  in  l9ie  two  scales  D/E  will  be  eqtiatt 
The  properties  of  a  good  balance  are,  1.  That  the  points  of  siis^ 
pension  of  the  scales,  and' the  eeiilre  of  motion  of  the  beam,  be  in 
'  one  ing^ti^ioe. ',  2.  That  the  brac^a:or  arms  be .  exaqtly  of  equal 
leng^  from,  thecepttrie  of  ^motion*  .  3^;  That  .tlvey  be  as  ^oqg  an 
possible.  jwithpqnvjBniency.  4..  That  tliesre  be  as  little  frietion  as 
possible  in  the  motion.  )5iThat  tjtie  ceiatie  of  gravi^  of  tbe^beam 
be  in,  or  b^t  v^]^\Utae  btlpiw,;tite  centre  of  motion*  6.  That 
they  be  in  equilibrio,  when  empty. 
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If  one  brachhim  AC  b^  loagelr  than  the  othet  CB»  thtii  the 
weight  in  the  scale  £  must  be  greater  than  that  in  D,  .to  make  an 
equitibrium.  -  And  the^:you  -will  have  a  deeeltfiil  balaiice,  which 
being,  empty,  or  loaded  with  unequal  weights,  shall  remain  in 
equilibrio.  For  AC  :  CB  : :  .weight  in  £ :  weight  in  D ;  by  Htm 
property  of  the  lever.  3at  changing  the  weights  from  one  sode 
to  the  other  w^U  discover  the  deceit ;  for  the  balance  will  be  no 
longer  in  equilibrio* 

.      •'         •  *  Example  VII. 

The  steelyard  AB  (%.  8.  P/.JCVIII.)  is  nothing  but  a  lever, 
whose  fulcrum  is  C,  the  centre  of  motion.  If  the  weight  P,  placed 
at  D,  rifduces  the  beam  AB  to  ah  equilibrium ;  -and  there  be  taken  ' 
the  equal  divisions  D  1, 1  2,  2  3,  3  4,  &c.  then  "the  weight  P, 
pladed  successively  at  1,  2,  3,  4,  &c.,  will  eqjif-pondemte  with 
weights  as  W,  suspended  at  B,  which  are,  also,  as  the  numbers  1, 

2,  3,  4,  &c.  respectively.  Moreover,  if  the  divisions  Dl,  1  2,  2  3^ 
^.  be  each  =:  CB;-  thcii,  if  Pbe  successively  placed  at  1,  2, 

3,  &c.  the  weight  W  to  balance  it,  will  be,  respectively,  equal 
to  P,  2P,  3P,  &c.  that  is  to  1,  2,  3  pounds,  fcc.  if  P  is  a  pound. 

For,  by  the  property  of  the  lever,  CP  X  P-f  CD  X  P  =:CB 
XW,  that  is,  Pb  X  P  =  CB  X  W.  And  CB  :  I'D  ;!  P  :  W, 
universally.  Whence,  if  DP  or  Dl  =  CB,  then  W  =  P.  If 
DP  or  D2  =:  2CB,  then  W  2r  2P,  &c.  But  if  CB  be  greater 
than  Dij  1  2,  &c.,  then  will  the  constant  weight  P  be  greater 
than  W,  2W,  &c. 

Theproperties  necessary  for  a  steelyard  to  have,  are  these : 

1.  That  the  fi^ed  weight.  P.  being  placed  at  D,  where  the  divi- 
sions begin,  shall  make  the  beam  in  equilibrio. 

2.  .That  the  divisions  D  1^  1  2,  2  3,  &c.  be  equal  to  <Hie 
another,  ,  . 

3.  That  C6  may  be'  of  any  length,  provided  the  weight  P  be 
rightly  adjusted  to  it,  viz,  so  that.  CB  :  jDl  t;  P  ;  1  pounds  if  W 
be  pounds.     Or  CB  :  Dl  t :  P  1 1  stone,  if  W  be  stones. 

4.  That  the  beam  be  straight,  and  the  upper  edge  in  a  line  wit)i 
the  centimes  C,'B. 

.5..  That  it  move  easily  and  freely  on  its  centre  C. 

Many  steelyards  are  likewise  graduated  on  the  under  side^ 
wliich  may  be  used  by  turning  them  upside  down.  Generally, 
one  side  is  for  small  weights,  and  the  other  for  great  ones,  Anjl 
each  side  is  adjusted  by  the  foregoing  rules  i  and  all  the  crooks 
hanging  at  it  (except  the  moveable  one  fcnr  the  weight)  must  go 
to  the  weight  of  the  beam. 

Example  VIII. 

Let  AB  (%.  9.  pi,  XVJII.)  be  a  cheese  press ;  Ct,  VG  are 
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leven  moveable  about  the  points  D,  £,  F,  G,  by  applying  the 
hand  at  C.    S  the  stone  or  weight.    H  the  cheese* 

If  CD  =  5,  DE  =  2,  FG  =6,  GH  =  2,  FR  =  1,  FH  S=  4.; 
then,  in  the  lever  C£,  D  is  the  fulcrum.  Call  the  power  at 
C>1;  then  the  force  kt  £  or  F  is  |. .  :And  in  the  leyer  FG,  whose 
•folcrttm  is  G,  if  the  power  at  F  be  1,  the  force  at  U  is  |,  there- 
«fore  the  power  at  C,  to  the  weight  S,  is  as  1  to  $  x  {  or  3.  Also 
the  weight  of  the  stone  at  R^  to  the  pressure  at  H,  as  2  to  5,  or  1 
to  |.  And  the  power  at  C,  is  to  the  pressure  at  H,  as  1  to  3  X  f 
or7J. 

Example  IX 

Let  EG  {Fig.  1.  PL  "klX,)  be*a  spinning  whegl.  Diameter  of 
the  rim  EF  =:  18.  Diameter  of  the  twill  a6  =  2.  Diameter  of 
the  whorle  oi  n  3  Eo^F  the  band  going  about  the  twill.  £a2F 
the  band  going  about  the  whorle.  Therefore,  whilst  the  rim  makes 
1  revohition,  the  twill  makes  9,  and  the.  whorle  and  feathers  6. 
Therefore  there  are  3  revolutions  of  the  twiH,  for  2  of  the  featfiers 
n.'  And,  consequently,  the  difference  of  the  revolutions  which  is 
1,  is  the  quantity  taken  up  by  the  twill,  whilst  the  thread  tm  is 
twined  by  these  2. revolutions  of  the.  feathers.  The  greater  the 
difference  of  the  revolutions  of  the  twill  and  feathers,  the  more 
the  wheel  takes  up.  And  the  nearer  an  equality,  the  more  die 
twines  If  they  make  equal  revolutions  in  the  same  time,  she 
will  not  take  up  at  all.  And  if  the  feathers  make  no  revolutions, 
she  will  twine  none.  The  greater  the  proportion  of  the  rim  to 
the  whorle  and  twill,  the  faster  she  will  do  both. 

Example  X.  {Fig.  2.   Fl  XIX.) 

A  machine  to  raise  a  weight  by  the  force  of  the  running  water 
IH,  carrying  the  wheel  LK,  by  means  of  the  floats  F,  F.  Let  the 
diameter  of  the  wheel  LK  be  10 ;  of  GB,  2 ;  of  DC,  11 ;  of  A£, 
3.  Let  the  power,  of  the  water  against  the  floats  F,  be  1.  Tben 
the  force  at  B,  to  move  -the  wheel.  CD,  will  be  5;  again,  if  the 
power  at  B,  be  1,  the  force  at  A  wiHbe  3  J.  Therefore  the  force 
of  the  water,  to  the  weight  W,  is  as  1  to  5x3],  or,  as  1 
tol8|. 

"When  the  wheels  'and  axles  and  weight  are  so  adjusted,  that  the 
•Telocity  of  the  floats  at  F,  is  |  the  velocity  of  the  water  there, 
then  the  weight  W  will  have  the  greatest  motion  of  ascent  possi- 
ble. For,  if  any  one  thing  be  changed,  whether  the  weight  or 
the  diameter  of  any  wheel  or  axle,  whilst  the  rest  remain  the 
same,  the  motion  wiH  be  lessened. 

Example  XI.  {Fig.  1.  Fl  XX.) 
In  the  msu^ine  FB,  which  raises  the  weight  W,  by  means  of 
the  Ti^ieel  EG,  and  the  perpetual  screw  BE,  let  the  cizcom- 
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ference  described  by  the  power  C  be  30  indies,  -die  distenee  of 
two  threads  of  the  perpetual  screw  £»  be  1  inch,  diameter  of 
the  wheel  EG  =  5  feet,  of  DA  =  2.  Therefore,  if  the  power  at 
C  be  1,  the  force  acting  at  £  to  torn  the  wheel  EG  will  be  30. 
And  if  the  power  at  £  be  1,  the  force  at  D  will  be  2|.  There- 
fore the  power  at  C,  to  the  weight  W,  is  as  1  to  30  X  2|,  or  1  to 
75. 

Note,  it  is  the  same  thing,  iH^ether  €B  be  straight  or  aooked, 
whilst  the  distance  BC,  in  a  straight  line,  is  the  same ;  and,  in 
measuring,  you  must  always  take  the  straight  line  BC. 

Example  XU.    {Fig.  3.  PL  XX.) 

In  a  nubdiine  compounded  of  wheels  to  raise  a  weight,  let 
AB=  5,  diameter  of  me  barrel  BIN  r:  2,  die  number  of  teedi  ia 
die  wheels  and  nuts,  as  follows;  CD  =:  10,  CE  =  40,  FG ±2 
12,  FH  2=  50,  RI  n  12,  IL  =  64.  Then  the  power  applied  to 
B,  is  to  the  weight  W,  as  1  x  10  X  12  X  12  to  5  x  40'  X  50 
X  64;  that  is,  as  1440  to  640,000,  or  as  1  to  444 1. 

But  if  the  power  was  at  W,  to  move  the  weight  B,  then  the 
ratio  will  be  inverted.  For  then  the  power  will  be  to  the  force 
at  B,  as  444  to  1.  Or,  if  the  velocity  of  B  was  required,  you 
will  have  the  velocity  of  W  to  that  of  B,  as  1  to  444. 

Example  XUI.    {Fig  1.  PL  XXI.) 

A  machine  to  rai^e  a  weight  by  help  of  the  triangle  ABEF, 
the  windlass  CC,  and  two  pullies  P,  Q.  Let  die  diameter  HG 
where  the  rope  goes,  be  =  2,  radius  CD  =:  5.  Tben,  if  the 
power  at  D  be  1,  &e  force  at  H  is  5.  And  if  the  force  at  H, 
drawn  by  one  rcpe,  be  1,  the  force  at  W  drawn  by  two  ropes, 
will  be  2.  Therefore  the  power  at  D,  to  the  weisht  W,  is  as  1 
to  2  X  5  or  10.  Kthe  leg  AB  be  wanting,  the  omer  two  may  be 
set  against  a  wall,  or  upheld  by  ropes,  and  then  it  is  called  a  pair 
of  sAeerf. 

Example  XIV.  {Fig.  2.  PL  XXI.) 

If  die  weight  A  is  to  be  Vfted  by  die  duree  potties  C,  D,  E,  of 
uch  C  is  foud;  call  die  power  at  B,  1.  Then  die  foioe 
stKtdiii^  AE  is  1 ;  and  both  together  are  equal  to  the  force  of 
D£:=  2;  and  foree  DA=  2 ;  whence,  force  DC  =  4 ;  like- 
wise, force  CA  =:  4.  Therefore  the  whole  force  acting  at  A  is 
1  4-  2  -f  ^  =^  7,  and  the  power  at  B  to  the  weight  A,  as  1  to 
7. 

Example  XV.  {Fig.  4.  PL  XXL) 

In  diis  machine,  AACD  is  a  running  rope  fixed  at  D,  B  a  fixed 
pulley.  Let  the  power  at  h  pulling  the  rope  AA  be  1.  That  on: 
ACl,  and  CD  1.  Then  will  AB  be  2,  and  BC  2,  BE  4. 
And  die  wdght  W  oppodng  AC,  BC  and  DC,  will  be t+Z 


Digitized 


by  Google 


172  JHESCSJVnaS  of  sect  Xill. 

+  1  =  4.    W]ience,the  power  at  i^  to  the  woght  W,,is  as  1 
to  4. 

Example  XVI.  .(JR^.  3.  PL  XXL) 

Anodier  machine  witb  pulHes.  A,  a  fixed  pulley ;  the. ends  o€ 
te  several  ropes  are  fixed  at  B,  C,  D,  £.  Suppose  the  power  at 
M  ^  1,  tfaeni  the  force  on  AF,  FB  is  1 ;  oa  FG,  6C,  2 ;  on 
GH,  HD,  4 ;  on  HI,  IE,  8.  But  the  weight  P  acts  against  HI, 
IE,  and  is  therefi)re  =  16 :  and  6k  power  is  cto  ihe  >rei^t,  as  1 

tote. 

Scholium. — ^In  a  single  pulley,  (as  Fig.  4.  PL  IV.)  if  a  giren 
powtf  at  P  was  to  be  a  wmgfat  or  heavy  body,  which  was  to  raise 
some  other  wei^t  'W,  there  will  be  the  greatest  motion  genenited 
in  W,  in  any  given  time,  ^4ien  W  :=  |  P. 

_  -And  in  a.-eombination  of  puUies,  as  (li^.  7.  PL  IV.)  if  aweisrht 
P  was  to  raise  another  weight  W  ^-and  if  velocity  of  W- ;.  velocity 
of  P  ;:  I  P  :  W;  then  W  will  be  the  wei^t  which  will  acquire 
the  greatest  motion  in  a  giv^a  .time,  by  that  given  power  P. 
Example  XVII.  (1%.  2.  PL  XXII.) 

Let  D£  be  a  boat  rowed  by  oars,  and  let  ABC  be  one  oar. 
Here  the  powers  acts  at  A,  and  the  pin  B  will  be  the  fulcrum  ; 
and  the  force  at  C,  acting  against  the  water,  is  that  which  gives 
her  motion.    Let  the  power  at  A  be  1  ^  then  the  force  at  C. 

AB  * 

by  which  the  boat  is  moved,  is  —^ .  Whence,  the.  longer  AB,  or 

BC  •  • 

the  shorter  BC  is,^  much  moi^  power  there  is  at  A  to  move  her 
forward. 

Therefore  long  oars  have  the  disadvantage  of  losing  power. 
Yet  the  oars  may  be  too  short,  as  well  as  too  long.  For  if  diey 
be  very  short,  the  motion  of  tiie  boat  will  allow  littite  tkne  to 
strike,  and  they  will  have  but  small  force  to  act  against  the  water 
with,  in  so  small  a  time,  as  well  as  fi'om  the  slow  motion  ol  the 
end  C ;  which  is  a  dis^vantage  on  the  other  side. 

Exampl*  XVUI.  (F^.l*  P^  XXIL) 

Let  FR  be  a  boat  or  a  ship,  AS  a  Sail.  Suppose '  a  pkimb-fiae 
drawn  through  the  centre  of  gravity  of  the  section  of  the  ship  and 
water;  and  another  libe  BO,  para^l  to  the  horizon  and::xo Ihe 
axis  oir  keel  of  the  ship,  and  to  pass  tiirough  tfid  centre  of-  pies- 
dure  or  resistance  of  the  ship,  which  she  has  by  the' water  in^et 
motion.  Let  this  intersect  the  ^rmer  plumb-line  in  O.  Through 
C,  the  centre  of  gravity  of  the  sail,  draw  CD  perpendicular  to  the 
^,  and  CB  perpendicular  to  BG,^ix]d  AS  in  the  plane  pf  the 
triangle  CBD. 

Then,  if  DC  be  the  force  of  die  wind  against  .th^  sail  AS,  thep 
Difis  the  force  generating  her  progressive  inqtion,  and  BC  is 
the  force,  lifting  the  ship  upwards.  ^Now^  the  force  DB^  acting  at 
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C>  io  direction  DB,  endeayoun  to  torn  the  ship  xound  an  axit 
passing  through'  O,  with  a  force  which  is  equal  to  the  absolute 
rorce  BD  X  by  the  distance  CB,  or  CB  X  BD ;  and  this  is  the 
force  by  which  her  head  is  depressed.  Likewise,  the  force  BC, 
in  direction  BC,  endeavours  to  turn  the  ship  rouud  an  axis  at  O^ 
the  contrary  way ;  and  that  with  the  force  BC  X  distance  BO, 
or  BC  X  BO;  aqd  this  is  the  force  that  raises  her  head.  ^There- 
fore the  force  to  raise  her  head  is  to  the  force  to  depress  it,  aa 
CB  X  BO  to  CB  X  BD,  or  as  BO  to  BD. 

Hence,  if  the  point  D  fall  before  O,  then  the  sail  endea- 
vours to  raise  the  ship's  head ;  if  it  be  behind  O,  it  endeavour 
to  sink  iL  If  it  be  in  Q^  it  will  keep  her  steady*  And  the 
height  of  the  sail  AS  contributes  nothing  to  her  progressive  mo- 
tion; the  same  ratio  of  the  absolute  to  the  progressive, force  re- 
mains still  as  CD  to  DB. 

Example  XIX.   (F^.  3.  PL  XXIL) 

£F  is  a  cart  or  carriagey  BD  a  rub  for  the  wheel  CAD  to  pus 
over,  AB  the  horizontal  plane;  DB,  AC  perpendicular,  and  CD 
parallel  to  AB.  C  the  centre  of  the  wheel.  Then  the  horizon- 
tal  force  required   to  puU  the  wheel  over  the .  rub  BD,  is  as 

DO 

^^.    And  the  difficulty  of  going  over  rubs  increases  in  a  gseater 

ratio  than  that  of  their  heights.  Also  the  higher  the  wheels,  the 
more  easily  they  pass  over  tliem;  but  then  they  are  more  apt  to 
overturn.  To  draw  the  cart  with  the  least  power  over  the.  rub 
BD,  it  should  not  be  drawn  in  the  horizontal  direction  AB  or 
OD^  but  in  the  direction  AD«  The  advantage  of  high  wheels  is, 
that  they  pass  the  rubs  most  easily,  and  they  have  also  leM  file* 
tiOn»  and  sink  less  in  tbe  diit,  and  more  easily  press  down  an  ob- 
stacle. But  their  disadvantage  is,  tiiat  they  easily  oveitoro  ;■  th^ 
also  make  cattle  draw  too  high ;  for  they  ean  apply  their  strength 
best  when  they  draw  low  and  upward,  as  in  the  direction  AD ; 
which  is4he  advantage  of  low  wheels.  .Yet  if  the  wheels  are 
high,  they  may  be  made  to  draw  low,  by  fixing  the  limmers  or 
traces  as  far  lielow  the  axle  as  you  will,  which  will  then  be  an 
equal  advantage  witK  lOw  whetb. .  For  the  powet  not  pulling  at 
the  wheel,  but  at  the  carriage,  may  draw  from  any  part  of  it. 
Therere  is  another  advantage  in  small  wheels,  that  they  are  better 
to  turn  with. 

A  waggon  with  four  wheels  is  more  advantageous  tlian  a  cart 
with  only  two  wheels,  especially  on  sand,  clay,  j8cc.  Narrow 
wheels  and  narrow  plates  are  a  disadvantage^  the  broader  the 
Wheels,  the  less  they  sink,  and,  therefore,  require  less  draught, 
and,  also,  cut  the  roads  less;  yet  they  taike  up  a  great  desd  of 
dirt,  which  dogs  the  carriage,    lliet^  is  a  great  deal  of  firiction  in 
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all  carriages,  as  is  evident  by  the  force  required  to  draw  them 
upon  plain  gronnd.  And,  for  that  reason,  experience  can  only 
infonn  us,  how  much  force  is  able  to  draw  any  caiTiage.  To  make 
the  resistance  as  small  as  can  be,  axles  of  iron,  running  in  brass 
boxes  in  the  wheel  naves,  f^o  the  easiest. 

Hie  spokes  in  the  wheel  ought  to  be  a  litde  inclined  out* 
¥rards ;  that  when  a  wheel  sinks  into  a  rut,  the  spokes  (bearing 
then  the  greatest  weight)  may  be  nearly  perpendicular  to  the 
horizon*  .  .  ' 

The  imderside  of  the  axle-tree,  where  the  wheels  run,  oug^t  to 
be  nearly  in  a  right  line ;  if  they  slant  much  upward  towards  the 
ends,  the  wheel  will  worie  against  the  lin  pin.  Yet  this  causes 
{he  wheels^  to  be  further  asunder  at  top  than  at  bottom  in  the  m^ 
because  the  ends  of  the  axle-tree  are  conical,  which  is  an  incon^ 
▼enience. 

Example  XX.  (Fig! 4.  PI.  XXH.) 

Suppose  the  waggon  FG  is  moved  forward,  by  a  power  acting* 
within  it.  Which  power  tarns  the  wheel  D£  by  the  spokes  AD, 
AD,  Sec.  and  D£  turns  the  wheel  IC,  which  carries  the  waggon. 
Let  the  power  at  A  be  1,  then  the  force  acting  at  £  will  be 

^  ;  also,  if  the  power  at  £  be  1,  the  force  at  C,  by  vdiich  tiie 
D£  .... 

waggon  is  moved,  will  be  ± —     Hierefore,  the  power  at  A, 

to  the  force  by  which  the  waggon  can  be  moved,  is  as  1  t» 

DA  X  B£  ^    Qj  ^^      ^^^  jg  ^  ^^^  ^       as  D£  X  BC  ttt 

D£  X  BC 

DA  X  £B.    It  will  be  the  same  thing,  if,  instead  of  teeth,  the 

wheel  p£  carries  £B  by  a  chain  going  round  them.    Tou  must 

suppose  the  like  wheels  on  the  opposite  sides. 

;   Hence,  if  the  absolute  force  to  move  the  waggon  without,  be  1, 

DE  V  "RP 

the  force  within,  applied  at  A,  to  move  it>  will  be  tl — iL_zll. 
^^  BE  X  DA 

'  Example  XXI.  (JVg.  1.  Fl.  XXIII.) 

ABCD  are  the  sails  of  a  windmill,  all  alike  inclined  to  their 
common  axis,  and  feeing  the  wind,  and  turning  about  in  the 
order  ABCD.  WC  the  direction  of  the  wind  parallel  to  the 
axis  EH.  Since  WC  is  perpendicular  to  EC,  draw  CF  in  the  sail 
perpendicular  to  EC;  then  the  angle  WCF  will  be  the  angle 
of  mcidence  of  the  wind  upon  the  sail.  Therefore  the  force  of 
the  wind  to  turn  the  sails  about  the  axis  EH,  is  as  the  square  of 
the  stue  of  the  angle  WCF  x  by  its  cosine.    And  the  force  actr 
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ing  against  the  imll,  in  direction  of  the  axis  £H,  is  as  the  eube 
of  the  sine  of  WCF.  Now,  since  the  frtree  of  the  wind  to  torn 
the  sails  round,  is  as  S.WCF<  X  cosine  WCF ;  therefore,  when 
that  force  i>  the  greatest,  the  angle  WCF  will  be  54 "  :  44'. 

And  this  is  the  most  advantageous  position  of  the  sails  to  move 
them  from  rest,  and  would  always  be  so,  if  the  wind  struck  them 
in  the  same  angle  when  moving  as  when  at  rest.  But  by  reason 
of  the  swift  motion  of  the  sails,  especially  near  the  end  G,  the 
wind  strikes  them  under  a  hr  less  anele;  and  not  only  so,  but  as 
the  motion  at  the  end  G  is  so  swm,  it  may  strike  &em  on  the 
backside.  Therefore,  It  will  be  more  advantageous  to  make  the 
angle  of  incidence  WCF  greater,  and  so  much  more  as  it  is  fur- 
rier from  £.  Therefore,  at  the  places  n,  o,  G,  the  tangenu  of  the 
angles  ought  to  be  nearly  as  tne  distances,  Eft,  Eo,  EG.  And, 
di^efore,  the  sails  ought  to  be  twisted,  so  as  at  r  to  lie  more  sharp 
to  the  wind,  and  at  G  almost  to  &ce  it.  And  by  that  means  they 
will  avoid  the  back  wind. 

Example  XXII.    {Fig  2.  PL  XXUI.) 

GB  is  a  common  tucking  pmnp ;  GKL  the  handle;  CD  die 
bucket;  E,  F'two  clacks  opening  upwards.  When  the  end  L  is 
put  down,  the  end  G  raises  the  sucker  or  bucket  CD,  and  the 
▼aire  or  clack  F  shuts ;  and  the  water  above  the  bucket  being 
raised,  the  weight  of  tlie  atmosphere  is  taken  off  the  water  under- 
neath in  the  pump.  Then  the  pressure  of  the  external  air  in  the 
pit  or  ^e\\  MN,  raises  the  water  up  the  pump,  opens  the  valve  £, 
and  ascends  through  the  hole  B  mto  the  body  of  the  pump  DB. 
Again,  when  the  htodle  L  is  raised,  the  bucket  CD  descends, 
the  valve  F  opens,  and  lets  the  water  ascend  through  it,  and  the 
pressure  of  the  water  shuts  the  valve  E,  so  that  the  water  cannot 
return  through  B.  Tlien,  whilst  the  end  L  is  put  down  ai^ain,  the 
sucker  CD  is  raised  again,  together  with  the  water  above  it, 
vdiilst  more  ascends  through  B.  So  that,  at  every  stroke  of  the 
handle,  water  is  raised  into  the  pump,  till,  at  last,  it  flows  through 
the  jpipe  H. 

It  the  bucket  CD  be  more  than  thirty  or  thirty-two  foot  from 
the  sttr£ice  of  the  water  MN  in  the  pit,  no  water  will  ascend 
above  it ;  for  the  pressure  of  the  atmosphere  reaches  no  &rther. 
Therefore  it  must  be  always  within  that  distance,  or  this  pump  i& 
useless  for  raising  water. 

The  weight  of  water  which  the  bucket  lifts  at  each  stroke  is 
that  of  a  column  of  water,  whose  height  is  MH,  and  its  diameter 
thai  of  the  bore  of  the. pump  at  CD,  where  the  bucket  goes. 
Ther^re  as  GK  to  KL  :;  so  the  power  applied  at  L,  to  that 
w^feight  These&atef  it  aigjaifies  nothing  where  the  bucket  is  placed, 
as  to  tlie.  weiglht  of  water.    If  a  leak  happens  m  the  barrel  of  tha 
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r  tlie  bodoBl  CD,  ^  air  will  get  in  and  hindeF  the 
of  tke  pomp :  If  above  CD,  only  some  will  be  lost ; 
i  CD  shonld  be  plaoed  low;  but  tben  it  will  be  bad  to 
i  at  to  repaor  it. 

Tbe  bucket,  sooker,  or  piston,  is  to  be  surrounded  with  lea- 
ibtr  to  fit  encthp,  and  must  moTe  freely  up  and  down  in  the 
bairel,  and  fBost,  abo,  exactly  fill  it  Of  valves  or  clacks,  some 
«ie  Att,  made  of  leather;  oUms  are  oonical:  and  they  musf  all 
it  verr  dose«  asd  move  fredy.  To  balance  the  weight  of  water^ 
the  httodle  KJL  is  oommaofy  made  heavy,  as  of  iron,  with  a  kaob 
atdbeeodL. 

.  Tbe  bote  of  dtt  pqie  at  B  should  not  be  too  strait;  the  wider 
it  ts>  <he  aaore  he^y  tbe  water  ascend^  and  the  easier  the  pump 
works.  likewsse,  the  kmger  stroke  the  pump  makes,  the  more 
water  is  latsed  by  the  same  powei^  there  being  less  water  lost,  by 
the  valves  sboiiing. 

CakmiatiomofmcomBmmpump. 

Sa]^xoeIX.3ftct;  KG,  8  inches. 

A  ^  HM  the  height  from  die  water  in  yards : 

100 
Then  tbe  diameter  of  the  bote  at  D  will  be  =  is/il!r- inches. 

h 

fin 
Aod  m  siigk  penon  wiU  raise  _  hogsheads  of  water  in  an 


In  many  puaps  for  eommon  use,  k  is  not  necessary  to  draw 
%  great  qoaatity  of  water,  and  then  a  smaller  bore  will  serve^ 
as  three  or  four  iedhes;  whieb  will  make  the  pump  go  so  miick 
tbe  tighter. 

£xAMPu  xxm.  (1%.  4.  Pi.  xxnio 

• 

If  a  man  sitting  in  the  scale  £,  be  in  equilibrio  with  a  weight 
m  the  scale  A ;  and  if  he  &rust  agtfinst  die  beam  CB  with  a^rt&, 
or  otherwise,  in  direction  £D,  and  by  Aat  means  thnists  out  the 
scale  £  to  the  position  BE;  then  the  man  in  the  scale  RwiB 
over-balance  die  other  scale  A,  and  raise  the  #eight<  Foe  let 
£Lbe  perpendicular  to  FB;  then  the  force  at  £  to  turn  the 
scales  is  to  die  contrary  force  at  F,  as  CL  to  CF  or  CB.  For  it 
is  the  same  thing,  as  if  £  was  suspended  at  L. 

And  when  die  perpendicular  obstacle  GH  {rig.  3.  PL  XXIIL) 
hinders  the  scale  m>m  gcnng  out,  and  the  centre  C  is  alwi^s  kept 
steady,  yet  the  scale  £  will  still  preponderate.  For  let  £D  be 
Ae  force  acting  against  D ;  this  is  equivalent  to  the  two  fottes 
EB,  BD,  acting  at  £  and  D.  The  fonce  BD  tending  to  or  ftom 
the  ^centre,  does  notMng.  But  the  Icoce  £B  at  £^  acting  «t  die 
distance  CB,  its  power  to  brings  down  the  scale  £  is  CB  x  BE. 
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Avd  the  same  fetee  actiiig  at  B,  its  power  to  push  op  the  stale  is 
CD  X  BE.  And  their  difEerenoe  DB  X  b£  is  the  absolute 
force  to  thrust  down  the  scale.  And  this  force  is  to  the  whole 
^rusting  force  DE,  as  DB  to  DE.    And  if  D  were  on  the  other 

side  of  C,  the  force  would  still  be  DB  x  BE»  or  ClT^f  CD  X 

££. 

*    But  if  the  scale  E  was  not  aioveable  about  B»  as  if  it  were 

tied  by  the  cord  D£ ;  then  no  force  acting  against  any  part  of  the 

beam  FB,  could  have  any  effect  to  destroy  the  equilibrium. 

Example  XXIV.  (Fig,  5.  PL  XXm.) 

Suppose  a  man  A  standing  upon  the  plank  CB,  supported  only 
at  the  end  C,  and  pulling  the  end  B  towaids  him  by  the  rope  £S, 
in  order  to  keep  himself  and  the  plank  from  falling. 

Imagine  the  man  and  the  plank  to  be  one  body ;  then  the  action 
and  re-action,  in  direction  EB,  destroy  one  another,  and  his  pull- 
ing does  nothing.  It  would,  therefore,  be  in  vain  for  him  to  en- 
deavour to  support  himself  by  that  force ;  for  both  he  and  the 
plank  must  lall  down  together  towards  D^  by  their  own  weight 

EiAMPLE  XXV.  {Fig.  1 .  PL  XXIV.) 

CD  is  a  machine  with  bro  wheels  fixed  to  an  axis  DF,  round 
.T^duch  goes  a  cord  GDFE.  There  is  a.  power  at  E  endeavouring 
to  draw  the  machine  towards  E,  in  a  direction  parallel  to  the 
horizon  HO,  by  the  cord  EF  going  under  the  axis  DF.  In  the 
radius  AH  of  the  wheel,  take  AB  equal  to  the  radius  of  the  axle 
DF,  towards  H,  because  the  string  goes  below  it.  Then  the  force 
to  move  the  machine,  is  the  same  as  if  the  string  was  &ted  at  B ; 
¥^ere  H  is  the  fulcrum,  A  the  weight.  Then  the  force  to  move 
the  machifie  towards  E,  with  the  g^ven  power  ^,  will  be  as  BH. 
iTherefore,  it  would  be  in  vain,  bypulling  at  the  string,  to  endeavour 
tfi  iniftke'  thie  body  ;oU  towards  Dj  the  pontrary  way.  But  if  DF 
iras  greater  than  the  diameter  of  4)0  wheel,  that  is,  if  B  £dls 
beyond  H,  then  .the  force  drawing  towards  £,  would  moj^e  the 
body  towards  D  the  contrary  way. 

If , the  direction  of  the  power  DE  be  elevated  above  the  hOrizou^ 
as^,  then  tj^e  machine  cqi^d  approach  or  recede,  t^l  the  direc- 
tion of  the^ihog  ^jffeU  updil  the  poAut  of -contact  H,  and'theie  it 
would  rest. 

Example  XXVI.  {Fig.  2.  PL  XXIV.) 
-   AB  is  an  ar^ifiai  hu^  kept  up  by  the  wind  blowing  in  ^if^n^ 
tion  WC;    By  drawing  tht  string  AIBIH,  fixed  at  A  and  B^  the 
Efite  wiil  gain  such  a  position^  that  HI  produced  will  pass  through 
te  centre  of^pBsnritgr  of  its  surifiioe  ^t  C.    Draw  CO  p^rpeodicvfi^ 
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to  BA,  and  DO  petpendicular  to  the  horizon  HO.  Then  OC  ia 
the  direction  of  the  tL^rce  of  the  wind  acting  against  the  kite ;  and 
the  force  of  ihe  wind  to  keep  her  up,  is  as  the  square  of  the  sine 
of  the  angle  ACW  or  COD.  Now,  if  DO  represent  the  given 
weight  of  the  kite,  CO  will  be  the  ibrce  of  the  wind  acting  againsC 
her,  and  CD  the  force  pulling  at  the  string.  The  tail  £F  (with  a 
bollet  F  at  the  end)  being  always  blown  firom  the  wind,  keeps  her 
head  always  towards  the  wind. 

As  the  direction  of  the  thread  always  passes  through  C,  there- 
fore the  angle  ACH,  and,  consequently,  HCO,  will  always  be  the 
same  at  all  altitudes.  And  she  can  never  ascend  so  high,  till  the 
angle  of  altitude  CHO  be  equal  to  ACH.  And  hence  it  follows^ 
tiiat  the  less  the  angle  HCO  b  made,  the  higher  she  will  rise. 
And,  likewise,  the  greater  the  wind  is,  or  the  lighter  the  kite, 
ceterii  paribm^  the  higher  she  will  rise. 

After  a  like  manner  a  machine  as  ab  {Fig,  3.  FL  XXIV.),  may 
be  contrived,  to  keep  at  the  top  of  a  running  water,  being  held  by 
the  string  de  tied  to  a  stone  and  sunk  to  the  bottom :  a6  is  a  thin 
board,  b  a  piece  of  lead  to  sink  the  end  b,  but  the  whole  must  be 
lighter  than  water,  cd  an  iron  pin  fixed  at  C.  Or  the  machine 
may  have  a  loose  tail  at  b,  heavier  than  water,  as  in  the  kite. 

Example  XXVH.    (f%.  4.  FL  XXIV.) 

If  AB  is  a  machine  to  be  moved  by  a  power  acting  at  C  out  of 
the  machine,  in  direction  DC.  DF,  Gl  two  levers  within  the 
machine,  moveable  about  the  two  fixed  fulcrums  £,  H. 

Call  tiie  power  at  C,  1 ;  then  the  force  at  F  to  move  the  lever 

GI,  is  .    Then  if  the  force  at  F  be  1,  that  at  the  obsUMde  I 

GH 

out  of  the  machine  is  -^==—    Therefore,  if  the  power  at  C  be  1» 
HI 


the  force  acting  against  the  obstacle  at  I,  or,  wfaidi  is  the  i 
thing,  the   force  urging  forward  the  madiine  towards  B,   is 

.  ^         .     But  the  power  at  C  draws  back  the  machine  with 
EF   X  HI  ^ 

the  force  1.    Therefore  the  absolute  force  urging  forward  the  ma^^ 
^^i.   DEXGH_,    ..DExGH-EFxHI 
£F  X  HI  EF    X  HI 

FL 

Note,  if  the  force  at  F  be  1,  the  force  against  H  is  .ZfL .     But 

HI 
this  is  not  the  force  urging  forvrard  the  machine,  but  to  tear  her 
in  pieces,  or  to  separate  ue  fulcrums  E^  H,  from  one  another. 

u  there  had  been  three  levers,  and  the  power  at  D,  the  third 
had  been  directed  towards  K,  the  way  the  nuudune  goes;  then 
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the  power  1  must  be  added  to  the  force  at  I,  and  the  whole  is 
the  force  urgiog  forward  the  machine. 

Hence,  if  the  absolute  direct  force  to  moye  the  machine  be 
1,  the  power  applied  at  D,  which  is  able  to  move  it,  will  be 

^^^  ™ But  if  the  power  at  D  act  within 

DE  X  GH  —  EF  X  HI  ^ 

EF  V  HI 
the  machine,  this  power  could  only  be        ^        ;  since  there  is 

*^  ^       DE  X  GH 

then  no  force  to  be  deducted  for  drawing  back  the  machine. 

Example  XXVra.  (Fig.  5.  PL  WIV.)  • 

DABH  is  a  wooden  bridge.  AC,  AD,  AB,  BH,  BO,  beams  of 
timber.  DE,  EL,  SR,  RH,  braces  to  strengthen  the  angles  A,  B. 
The  stress  upon  any  of  the  angles,  is  ceterii  parika,  so  much 
greater,-  as  the  angle  is  greater.  But  the  strength  on  any  an^e  A, 
is  as  the  j)erpendicular  AP. 

Example  XXIX.  {Ftg.  1.  PL  XXV.) 

AB  a  fot/our  chariot.  CDEF  horizontal  saib,  so  contmed . 
that  the  sails  D  fiuang  the  wind  may  expand,  and  those  going 
from  the  wind  may  contract  The  sails  are  turned  about  by  the 
wind  coming  from  any  point  of  the  compass.  These  sails  turn 
the  aas  uid  trundle  GH.  And  the  tmndle  turns  the  wheel  IL 
by  the  cogs  in  it ;  therefore  the  chariot  may  move  in  any  di- 
rection.   R  is  a  rudder  to  steer  with. 

Suppose  the  chariot  to  go  against  the  wind.  Let  D  be  the 
centre  of  pressure  of  the  two  saUs  C,  D,  the  wind  blows  on.  And 
let  the  power,  (that  is  the  force  of  the  wind  acting  against  the 
sails)  be  1,  then  the  force  acting  against  the  teeth  in  IL,  is 

.    And  this  force  being  1,  the  force  at  L  is  also  1.    There- 

OH 

fore  the  power  at  D  to  the  force  at  L^  is  as  1  to  if=i  :  or  as  OH 

.  OH 

to  GD.  Now,  since  the  mast  is  strained  by  the  power  fidling  on 
the  sails,  therefore,  by  this  power  OH,  the  chariot  b  urged 
l>ackward.  And  by  the  force  at  L,  which  is  GD,  it  is  uiged 
forward.  Let  R  be  the  force  of  the  wind  upon  the  body  of  the 
chariot,  together  with  the  friction  in  moving.  Therefore,  if  GD 
is  greater  than  the  radius  OH  -)-  R,  the  chariot  will  move  for- 
ward against  the  wind ;  if  less,  backward.  But  if  they  be  equal, 
it  will  stand  still. 

Example  XXX.  (Fig.  2.  PL  XXV.) 
FG  a  chariot  or  waggon  to  sail  against  the  wind.    S  the  sails 
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of  a  wiodmill,  turning  in  the  order  1,  2,  3.  As  the  sails  go 
round,  the  pinion  A  moves  6,  and  the  trundle  C  moves  D  whidi 
has  both  teeth  and  cogs.  D  by  its  teeth  moves  £,  and  the  trun- 
dle £  fixed  to  th^  axle-tree  carries  round  the  wheels  H,  I,  which 
move  the  waggon  in  direction  HG. 

The  sails  are  set  at  an  ang^  of  45°,  so  the  force  to  turn  them, 
and  the  force  m  direction  of  the  axis,  will  be  equal.  This  wag^ 
gon  will  always  go  against  the  wind,  provided  you  give  the  sails 
power  enough,  by  the  combination  of  the  wheels.  But  then  her 
motion  will  be  so  much  slower. 

•     Example  XXXI.  (Fig,  1.  PL  XXVI:) 

Let  AB  be  part  of  a  rope,  cd^  cd,  S^c.  the  particular  strands 
running  about  in  a  spiral  manner.  Let  FH  be  the  axis  of  the 
rope,  &e  angle  GFH  or  HFK  the  obliquity  of  the  strands. 
Draw  KH,  GH  parallel  to  FG,  FK,  and  draw  GEK.  Then 
the  tension  of  the  rope  in  direction  HF,  i^  to  the  stress  on  all 
the  strands  in  direction  FG,  as  FH  to  FG  -j-  FK  or  FG  +  GH, 
that  is,  as  £F  to  FGi  Therefore^  the  absolute  force  by  which 
the  rope '  is  stretched,  is  to  the  strain  or  stress  upon  all  the 
sfratfds,  or  upon  the  twisted  rope,  as  FE  is  to  FG ;  and  so  is  the 
llftngth  of  any  part  of  the  rope,  to  the  correspondent  length  of  a 
Strand. 

Hence,  ropes  the  (east  twined  are  strongest  and  bear  the  most 
weight ;  and  the  harder  they  are'  twisted  the  sooner  they  will 
break.  And,  for  the  same  reason,  if  they  be  doable  twisted,  they 
will  be  wekker  still.  But  as  it  is  very  dlMcult  to  make  all  the 
fibres  pull  •  equally  without  twisting,  and  impossible  to  make  a 
rope  hold  together  without  it,  therefore  it  is  necessary  it  hare  as 
much,  as  to  prevent  the  fibres  from  drawing  oUt;  and  a 
small -degree  will  not  much  impair  its  strength.  A  rope  con^ 
sisting  of  several  strands,  is  thicker  when  tvvisted,  than  when  un- 
twisted. 

Example  XXXIL  (Fig.  2.  PL  XXVI.) 

ABC  a  syphon  or  crane.  If  the  shorter  end  AB  beimmersed 
in  a  vessel  of  water  AD,  then,  by  applyihg '  the  mouth  to  the 
lend  C,  and  sucking  till  the  vvater  comes,  it  will  continlie  to  flow 
out  at  the  end  C,  as  loiig  as  that  end  is  lovver  than  the  surface 
of  the  water  at  D.  If  there  be  a  mouth-piece  at  £,  then  suck- 
ing at  £  (whilst  the  end  C  is  stopped  witn  the  finger)  will  make 
the  water  flow,  when  the  finger  is  taken  off.  And  when  the 
water  has  begun  to  flow,  the  hole  at  £  should  be  i^topped  up,  or 
else  the  water  will  flOWtio  longer  than  till  the  sur&ce  at  D  be  as 
low  as  E* 

The  reason  of  its  flowing  is  this :  the  peipeiidictilar  height  of 
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the  column  4of  water  BC  being  greater  than  that  of  BD,  the  pies* 
sure  at  C  is  greater  than  at  D ;  aad  the  pressure  of  tdie  atmoe* 
phere  being  the  same  at  D  and  C,  therefore,  the  greater  weight 
at  C  will  make  it  flow  out  there,  whilst  the  pressure  of  the  atmos- 
phere at  D  forces  more  water  up  the  tube  DB ;  aod  so  keeps  it 
oontimiaHj  mnoing  as  long  as  there  is  any  water,  and  the  end  C 
continues  lower  than  the  surface  at  D.  But  if  C  is  higher  than 
D,  the  water  will  return  back  into  BD.  But  if  the  haght  DB 
exceed  the  pressure  of  the  atmosphere,  which  is  30  or  32  feet, 
then  it  cannot  be  made  to  flow  out  atthe  end  C  ;  or  if  there  be  ^ 
hcte  ih  the  syphon  higher  than  the  sur&ce  at  D,  the  air  .will  get 
in,  and  the  water  will  return  through  BD.  Or  if  the  syphon  bf 
▼ery  wide,  the  air  will  insinuate  itsdf  intq  the  end  C,  between  the 
water  and  the  tube,  which  will  hinder  it  from  running.  To  prer 
vent  which,  the  end  C  may  be  immersed  into  another  vessel  of 
water,  lower  than  the  surface  at  D.  If  the  ends  of  the  syphon  be 
turned  up,  as  F,  G,  then  the  water  will  remain  in  the  syphon, 
after  it  has  done  working,  which,  in  the  other,  will  all  run  out. . 

Example  XXXHI.  {Bg,  3.  PL  XXVI.) 

CDLF  a  vessel  of  water;  AB  a  tube  open  at  both  ends,  and 
about  i  inch  diameter.  A£  a  quantity  of  mercury  put  into  the 
tube.  Then  stopping  the  end  B,  let  the  other  end  A  be  immersed 
deep  enough  in  the  water*  Then  opening  the  end  B,  the  mer- 
cury will  sink  so  deep  in  the  tube,  till  the  height  of  the  water  AB 
be  14  times  the  height  of  tho  mercury  AE,  and  then  the  mercury 
will  be  at  rest. 

For,  the  specific  gravities  of  water  and  mercury  being  1  and  14, 
the  column  of  water  AB  will  be  equal  in  weight  with  the  column 
of  mercury  AE.  Therefore  the  pressures  at  A  being  equal,  they 
will  sustain  one  another. 

Example  XXXIV.  {Fig.  4.  PL  XX VI.) 

A,  B,  are  two  harametert;  ed  is  a  tube,  its  bore  i  ot  i  inch 
diameter,  at  least,  close  at  top,  and  communicating  with  the  vessel 
C,  with  mercury  in  it.  C  i&  open  to  the  external  air.  The  use 
of  this  instrument  is  to  shew  the  weight  of  the  atmosphere,  and 
its  variations. .  This  tube  and  vessel  with  mercury,  is  put  into  a 
frame,  and  hung  perpendicular.  Near  the  top  of  the  tube  is 
plao^  a  scale  of  inches,  by  which  the  height  of  the  mercury  in 
me  tube  is  known, V^d,  likewise,  a  scale  for  the  weather.  At  the 
top  of  the  tube,  above  the  miercury,  is  a  vacuum.  Now,  the  atr 
mosphere.  piessing  upon  the  surface  of  the  mercury  at  C,  keeps 
the  mercury  suspended  at  the  height  d  in  the  tube,  which,  there* 
fore,  will  be  higher  or  lower  according  to  the  weight  of  the  atmos- 
f^eiff.  The  height  of  the  mercury  in  the  tube  is  generally  28,  29» 
or  30  inches ;  seldom  more.    If  any  air  get  into  the  tube,  it  spoils 
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Leal  die  quldcsilver  stick  to  the  glass,  it  is  good  to 
dram  a  Utile  with  the  fii^gen  upon  it,  in'makiDg  any  observmtioo. 

RJa  Jar  oiaervatiom  of  the  weather. 

1.  Hie  risiig  of  the  mereuiy  presages  fair  weather.  It  rises 
>«Dd  stands  h^^best  in  sefene,  snnsoiinr,  droughty  weatiier;  and  in 
calm  frosty  weather  it  generally  stands  high.  In  thick  foggy  wea- 
ther it  often  rises. 

3.  The  &Uing  of  the  meioiiiy  denotes  foul  weather.  It  gene* 
laOy  fidls  or  stands  low,  in  rainy,  windy,  or  snowy  weather. 

3.  In  windy  weather  the  mercury 'sinks  lowest  of  all,  and  rises 
hsX  afto*  storms  of  wind. 

4.  In  TCfy  hot  weather,  tbe  fidling  of  the  mercury  foreshews 
dmnder. 

5.  In  winter,  the  rising  foretells  frost ;  and  falling,  in  frosty 
weadier,  foretells  thaw. 

6.  In  continual  frost,  die  rising  presages  snow.  At  otiier 
times,  it  genoaly  frlls  in  snowy  wcadier. 

7.  When  the  mercury  rises  after  rain,  expect  settled  serenity ; 
if  it  descends  after  rain,  expect  broken  showery  weather. 

8.  NVhen  foul  weather  happens  soon  after  the  fidling  of  the 
mercoty,  or  &ir  weather  after  its  rising,  expect  b-.t  little  of  it. 

9.  In  foul  weadier,  rising  fost  and  high,  and  continuing  so  two 
or  diree  days  before  the  foul  weather  be  quite  o^er,  expect  a  con- 
tinuance of  fair  weather  to  fellow.    ' 

10.  In  frir  weather,  falling  fast  and  low,  and  continuih^wo  or 
three  days  before  the  rain  comes,  expect  a  great  deal  of  4^  and, 
probably,  high  winds. 

11 .  Unsettled  motion  of  die  mercmy  denotes  unsetded  weadier. 

12.  The  greatest  height  of  the  mercury  is  upon  easteriy  and 
north-easterly  winds. 

13.  The  alterations  are  greater  in  northeriy  parts,  than  in  die 
more  southed^ ;  and  diere  is  little  or  no  variation  within  the 
tropics. 

£xAMPt«  XXXV.  i^Fig.  6.  PL  XXVI.) 

ABE  is*  an  artificial  fountain.  A  is  an  open  vessel,  B  a  close 
one ;  £  may  be  made  close  by  stopping  the  hole  C ;  diese  ves^ 
all  communicate  by  the  tubes  F,  G.  l%e  tube  F  reaches  near  the 
top  of  £,  and  the  tube  0  near  die  bottom  of  B.  Pour  water  into 
C  almost  to  the  top  of  the  pipe  F;  and  stop  the  hole  C.  Thai 
pour  water  into  A,  which  will  run  down  into  B.  Then  open  the 
cock  D,  and  the  water  will  ^out  up  to  the  height  of  AB  above 
D.  For  the  air  in  B,  F,  £  is  condensed  by  the  weidit  of  die 
column  of  water  AB ;  and  its  pressure  on  the  water  in  C,  is  equal 
to  the  wei^t  of  th&t  column ;  and  win,  dierefore,  make  the  water 
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spout  to  that  height  above  the  water  io  C,  nearlj.    But  the  pipe 
leading  to  D  must  be  tamed  carve. 

Example  XXXVI.  {Fig.  6.  PL  XXVI.) 

AB  is  a  dart  or  aa  arrow ;  at  A,  three  or  four  feathers  are 
placed  nearly  in  planes  passing  through  the  arrow.  If  the  fea- 
thers were  exactly  in  this  plane,  the  air  could  not  strike  against 
the  feathers,  when  the  arrow  is  in  motion.  But,  since  they  are 
not  set  perfectly  straight,  but  always  a  little  aslant,  whilst  the  ar- 
row moves  forward,  the  air  strikes  the  slant  sides  of  the  feathers ; 
'by  which  force  the  feathers  are  turned  round,  and  with  the  fea- 
Ihers  the  arrow  or  reed.  So  there  is  generated  a  motion  about 
the  axis  of  the  arrow,  which  motion  will  be  swifter  as  they  stand 
more  aslant.  This  motion  is  like  the  motion  of  the  saib  and  axle 
of  a  windmill,  turned  round  by  the  wind.  The  head  B  is  made 
of  lead  or  iron,  and  will,  therefore,  go  foremost  in  the  air ;  and 
the  feathered  end  A  the  hindmost  as  being  lighter.  An  arrow 
will  fly  about  sixty  yards,  in  a  second. 

Examp£e  XXXVII.  (J?%.  7.  PL  XXVI.) 

AB  is  a  vessel  which  keeps  its  liquor  till  filled  to  a  certain 
height ;  aiid  if  filled  higher,  lets  it  all  run  out  £FG  is  a  crooked 
pipe,  or  crane,  open  at  bodi  ends.  If  water  be  poured  into  the 
vessel,  it  will  contmue  in  it  till  it  rises  above  F,  and  ascend  to 
the  same  height  in  the  pipe  £F.  But  rising  above  F,  the  pvesfure 
at  E  will  make  it  run  out  through  the  pipe  EF6,  till  the  jorfiice 
of  the  fluid  descends  as  low  as  £.  t  This  is  sometimes  called  Ton- 
tabi^s  cup.  The  fiinnel  EFG  may  be  put  in  the  handle  of  this 
cup,  which  will  look  neater. 

Example  XXXVm.  (P^.  1.  PL  XXVH.); 

BC,  CG  are  two  honti  of  ah  animal,  moveable  about  the  joint 
FK,  by  help  of  the  muscle  KD.  The  joints  of  animals  are  either 
spherical  or  circular,  and  the  cavity  they  move  in  is  accordingly 
either  spherical  or  circular.  And  the  centre  of  motion  is  in  3ie 
centre  of  the  sphere  or  circle,  as  at  C.  Let  W  be  a  weight  hang- 
ing at  B,  and  drawCP,  CK  perpendicular  to  BW,  KD.  Then, 
if  the  weight  W  be  suspended  by  the  strength  of  the  muscle  KD, 
it  will  be  as  CK  :  PC  : :  W  :  tension  of  the  muscle  KD.    ■ 

The  bone  BC  is 'moved  about  the  joint  FK,  by  the  strength  of 
the  muscle  KD.  For  when  the  muscle  is  contracted,  the  point  K 
is  moved  towards  D,  and  the  end  B  towards  E,  about  the  im- 
moveable centre  of  motion  C.  The  strength  of  the  muscled  is 
Qirprinngly  great.  * 

'   BoreU^  (in  his  book,  Ih  Moiu  Animalium,  Part  I.  Prop.  XXII.) 
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compqtw  liw  force  of  ^ muscto  te  be&d  thAarm at  the  elfaqw, 
and  saysy  a  strong  young  ftUow  can  sustain  at  arm's  «nd  a  Tveight 
of  28  nib,  taking  in  die  weight  of  the  arm.  And  he  finds  3&e 
IsBgtti  of  CB  to  CK  to  |»e  in  a  greater  proportion  than  that  of 
twenty  to  one.  Whence^he  infers  the  strength  of  these  mqadfis  to 
be  so  graat^  as  to  bear  a  stietch  at  least  of  660  lb. 

It  is  evidenity  Aat  all  animal  bodies  are  machines.  Tor  y^bat 
are  te  bones  bnt  leteiSy  moTed  by  a  certain  power  placed  in  ihe 
mosdes,  wUdi  aet  as  so  many  ropes,  pulling  at  the  bonesy  smd 
moving  ^SbeoL  about  die  joints  ?  Every  joint  representing  the  fid- 
«nm,  or  eentre  of  motion.  What  are  all  the  vesseb  but  tabes, 
wbidi  contain  fluids  of  different  sorts,  destined  for  the  use  or 
motion  of  the  several  parts  d  the  machine  ?  and  which,  by  open- 
ing or  shutting  certain  vahes^  lettMitor  retain  ^eir  contents,  as 
oeeaston  requires;  or  eonv^  them,  to  distant  places,  by  otfier 
tubes  communicating  theiewim.  And,  tiierefore^  all  &ese  motiops 
of  an  animal  body  are  sodhjeet  to  die  general  laws  of  mechanics. 

ExAMPLB  XXXIX.  (Fig.  2.  PI,  XXVIL) 

The  motion  of  a  nitim  walking,  running,  &c.  will  easily  be 
accounted  fer.  l^et  us  first  suppcee  a  man  sitting  in  a  chair  ;  he 
cewMl  rise  fren  his  8Sii,.till,  hy-thnistiiig  bis  head  and  body  £[>r- 
waid»  and  bis  feat  and  legs  bacibwagd,  tha  tine  of.diraction^  eg.  the 
peifeiid  ioiiii  r  tma  tfm  eentre  of  gia^»  pass  tbrojigfa  his  fee^  < 


likewise^  wben  «e  stand) upon :<oub  feet,  the  Msft.of 
1  UAVtt  fell  betiPeenenr  feel;  otherwise^  we  canuot  stUMl, 
but  flMttt  fell  dpvm  toanida  die  side  thaeentie  of  gminty  lies: an. 
And  when  a  ssan  elands  finn  upon  his  feetj^  bis  legs  make  an 
aaoeflles triaagle^ tbesemtreof  gnoify lying. between  them.  And 
then  be  is  not  supported  by  the  strength  of^tbe  musdes,  but  by 
the  bones  of  the  legs  and  thighs,  which  then  stand  in  a  n^  line 
with  one  a&Mbei.    . 

W^en  ft  mAn  AC  endeavour^  to  wall^,  be  first  ^i^jtends  bi&  band- 
most  leg  ap4  foot  S  almost  to  a  rk^  tine,  and,  at  the  saine'time, 
b^ds  a  liitUe  the  knee  Huf  hia  £re4eg.  Thus,  bis  bind4eg  jls 
lengthened,  and  )ms  |m-leg  sb<^tened;  Vji^.this  means,  hiaiboily 
is  moved  forward,  till  the  perpendicujax^m  die  eentre  of  grari^, 
V  AV  feUs  )>eyond  the  fore-mpt  B ;  and  then,  being  ready  tQ  feU^ 
be  pvps^tly  pfevto^P  iU  ^  taking  npdie  hind-fix)!^  amd  by  bepdv> 
ing  the  joints  of  the  hip,  knee^  and  anele,.and  suddenly  trasHlatiny 
H  mrwavd  tp  T>  bevond  the  centre  of  gmirity :  and  thus  he  gains 
a  new  station.  Jjmt  the  same  manner, by  esct^nding  the  .fi90t4p4 
leg  HBy  and  thrusting  fiirward  the  eemce  of  gnoil^  b^o/id  the 
foot  S^  wi  ^^  tr^lating  the  foot  B  forward,  he  gaiq^  a.tliird 
station.    And  thus  is  wa&ing  oondnued  at  pleasure. 

liis  two  fe^t  do  net  JO  in  eaaiigb|  liaei  bi^m  IW9  Uw^pural- 
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let  to  oit  another,  llieieforeya  man  walking  bas  a  libratotj 
motion  tjKna  one  ilide  to  the  otber ;  and  it  is  not  poasibfe  to  wall 
in  a  Tlp^t  fine. 

WaUdoj^  on  plain  gronnd  is  easy,  pleasant,  and  performed  widk 
Utile  labonr.  Bnt  in  going  up  hit!  is  very  laborioosy  by  rtasonMof 
the  great  fiexure  of  die  joints  required  to  ascend,  and  meir  tuftr- 
ing  inore  stress  from  me  weigtt  of  the  bodj  in  thai  position, 
X>escending  down  UU  iSy  for  tlK  same  reason^  more  Uborioui  than 
^waflcing  on  plain  gronnd,  but  not  m>  bad  as  ascending. 

T^e  walking  of  birds  is  not  xml^e  duU  of  men ;  onljr  theit 
weigbt  is  entirely  supported  by  the  strengdi  of  the  masdes,  swce 
their  joints  are  always  bent  Also,  their  fbet  go  in  two.  parallel 
lines. 

A  man,  in  waydng,  riways  sets  down  one  foot  befbre  the  other 
he  t^en  up;  aod,  therefore,  at  every  step  h^  has  both  feet  upon  tha 
ground.  BnXy  in  running,  he  nerer  sets  one  down  till  the  other 
be  npi.  So  that  at  each  &p  he  l|as  hot  one  fbot  upon  the  ground^ 
nnd  all  the  intermediate  time  none.  A  good  footman  mH  run 
400  yards  in  a  minute. 

&AifKE  XL,  {Wig.  8.  PL  XXVII.) 

When  a  heaa  stands,  the  line  of  gravity  must  fell  widiin  the 
tqi^drilateral  made  by  pis  four  foet.  A^d  when  he  wa]ks,  he 
1ms  always  three  feet  on  the  ground,  and  one  up.  Supp6s^  he  first 
takes  up  the  hind-fbot  (torn  C.  Qefore  he  does  this,  bv  extending 
ids  leg  Dackwards,  he  thrusts  forward  his  body  and  the  centre  m 
gravitv ;  then,  taking  up  die  foot  from  C,  he  movte  it  forward  to  t. 
Then  he  immediately  takes  up  the  fore-foot  fVofn  B.pn  the  same 
iside,  and  carries  it  fo  H ;  then  he  takes  up  the  hind-fbot  D,  .and 
transla^s  it  forwaid ;  and  then  the  for&4oot  at  A ;  dwn  F  again, 
^d  9b  on. 

When  he  trots,  be  takes  up  twp  together,  and  sett  down  two 
togedier,  diagoniAy  opposite. 

'  When  he  gallops,  he  takes  up  his  foet  one  by  one.  and  setaAem 
down  one  by  one ;  though  some  animals  stdke  witn  the  twp  fore- 
i^t  nearly  at  once,  and  tiie  two  hind-^feet  nesfr  at  once;  and  have 
not  above  two  feet  on  the  ground  at  onee.  A  good  horse  will  run 
half  a  miie  in  a  minute* 

Animals  with  six  or  moire  feet,  take  up  the  hindmoirt  first  |  thei| 
die  next,  and  then  the  next  in  order,  to  the  foreinof^  a)l  on  one 
side;  and  after  that,  aU  the  litet  on  4ie  other  side,  in  the  same 
order,  beginning  at  die  hut  If  diey  were  to  take  up  the  foremost 
first,  the  animab  would  move  backward. 

ExAKPii  XU.  (J%.  4.  Fl  XXVn.) 
A0  is  a  &M  dying -in  the  air,  by  help  of  the  wings  F,  T,  atid 
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die  lifl  C    Tlie  stractme  of  Iheir  wings  are  subh,  that,  in  atrikiiig 
<owiiwaid,  tbqr  expand  to  tbeir  greatest  breadth,  and  become  al- 
most two  planesy  bemg  something  hollow  on  die  nnder  side.    And 
Aiese jpfauMs  aie  not  then  horimntal,  but  inclined,  so  that  the  back 
part  K  b  hi|^  than  tiie  fore  part  DFG.    But  in  moving  die 
wings  npwa^  to  fetdi  a  new  sUoke,  they  go  with  the  edge  DFG 
foremost,  and  die  wings  contract  and  become  hollow.     Their 
bodies  are  specifically  l^ter  than  men  or  beasts.    Tbeir  bones 
and  feadbers  are  extremely  porous,  hoUow,  and  light.    The  mus- 
cles, by  wtdch  their  wings  are  moved  downwards,  are  exceeding 
large,  beinif  not  less  than  a  sixtb  part  of  the  weight  of  the  wbole 
body.    When  a  bird  is  upon  the  ground  and  intends  to  By,  he 
Ukes  a  large  leap;  and  stretching  his  wings  right  from  his  body, 
be  strikes  them  downwards  with  great  force,  by  which  they  are 
put  into  an  oblique  position;  and  the  resistance  of  the  air  acting 
strongly  against  diem  by  die  stroke^  impels  them,  and  the  bird,  in 
a  diiectioa  perpendicukr  to  their  planes ;  which  is  in  an  oblique 
direction,  or  partly  upwards,  and  psurtly  horizontally  forward :  the 
part  of  die  force  tending  upwards  is  destroyed  by  the  weight  of 
me  bird;  the  hoiiaontal  force  serves  to  cany  him  forward.     The 
stroke  being  over,  he  moves  his  wings  upwards,  which  being^oo- 
tmded,  and  turning  their  edges  upward,  they  cut  through  the  air 
without  any  resistance,  and  being  sufficiendy  elevated,  he  takes  a 
second  stn^e  downwuds,  and  the  impulse  of  the  air  moves  him 
forwards,  as  before.    And  so  fiom  one  stroke  to  anodier^  which 
are  only  like  so  many  leaps  taken  in  the  air.    Wheu  he  has  a 
mind  to  turn  to  the  right  or  left,  he  strikes  strongly  with  the  oppo- 
site wing,  which  impels  him  to  the  contrary  side.    The  tail  acts 
like  the  rudder  of  a  ship,  except  only  that  it  moves  them  upwards 
or  downwards,  instead  of  sideways,  because  its  plane  is  honzontal* 
If  a  bird  wants  to  rise,  he  puts  his  tail  in  the  position  LH;  or  if 
he  would  fall,  into  the  {position  U.    Whilst  it  is  in  the  horizontal 
position  LC,  it  keeps  him  steady.    A  bird  can,  by  spreading  his 
wings,  continue  to  move  horizontally  for  some  time,  without  striking. 
For  having  acquired  a  sufficient  velocity,  by  keeping  his  wingi 
parallel  to  the  horizon,  they  meet  with  no  resistance ;  and  when 
ne  begins  to  (all  by  his  weight,  he  can  easily  steer  himself  upward 
by  his  tail,  till  his  motion  be  iQmost  spent,  and  then  he  must  renew 
it  by  two  or  three  more  strdces  of  his  wings.    When  he  alights^ 
he  expands  his  wings  and  tail  foil  against  die  air,  diat  diey  may 
meet  with  all  the  resistance  possible.    The  centre  of  gravity  of  a 
bird  is  something  behind  the  wings;  to  remedy  whidi,  they  thrust 
out  their  head  and  neck,  in  flying;  which  carries  the  centre  of 
gravity  more  forward. 

It  is  impossible  that  ever  men  can  fly  by  the  strength  of  their 
aims;  for  their  pectQtal  musdes  are  vasdy  too. weak  to  support 
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socb  a  wmgbt    For,  ia  a  man^  they  are  not  the  60th  part  of  the 
rest  of  the  muscles  of  the  body ;  bat^  in  a  bird,  they  are  more  thati 
aU  (he  odiers  -pat  together^ 
Some  birds  wiU  fly  1000  yards  IB  a  minute. 

Example  XLII.  ( J%.  5.  PL  XXVH.) 

AB  is  ^Jish  swimming;  which  he  does  by  help  of  his  fln» 
and  tail.  A  fish  is  nearly  of  the  same  specific  gravity  as  water; 
and  most  fish  have  a  bladder  L,  which  taey  can  expand  or  con- 
tract, and  so  make  themselves  lighter  or  heavier  than  water^  in 
oifder  to  rise  or  fall  in  it.  The  moscular  force  by  which  the 
fiul  is  moved  is  veiy  great.  The  direct  motion  of  a  fish  is  by 
means  of  his  tail  BCD  moving  irom  one  aide  to  die  other,  with 
a  vibrating  motion,  which  be  performs  thus.  Suppose  his  tail 
in  the  position  FG,  being  aboat  to  move  it  successively  to  H| 
I>  and  K;  he  tarns  the  end  G  oblique  to  the  water,  which 
being  moved  swifdy  through  it  in  that  position,  the  resistance 
of  the  water  acts  oUiqnely  against  his  tail,  and  moves  him  parttv 
forward  and  partly  laterally.  The  lateral  motion  is  corrected^ 
tiie  next  stroke,  the  contmry  way ;  but  the  progressive  motion 
is  oontinned  always  forward.  When  his  tail  is  arrived  at  K^ 
he  turns  its  obliqmty  the  contrary  way,  that,  in  moving  back  to^ 
G,  it  may  strike  the  water  in  the  same  numner  as  before.  And 
Ifaos  be  makes  one  stroke  after  another,  and  moves  forward 
thereby  as  far  as  he  pleases.  The  obKqne  position  of  his  toil, 
is  mostly  owing  to  the  elasticity  of  his  tail,  which,  by  bending^ 
is  put  into  that  fonn  by  the  resistance^  of  the  water. .  They  can 
exert  a  very  great  force  with  dieir  tail,  and  which  is  necessary^ 
to  overcome  die  resistance  which  their  bodies  meet  with  in  the 
Water.  By  help  of  die  tail,  they  also  turn  to  one  side,  by  strik- 
ing strongly,  with  it  on  that  side,  and  keeping  it  bent,  which 
then  acts  lUce  the  rudder  of  a  ship.  The  fins  of  a  fish  serve  to 
keep  him  upright,  especiidly  the  belly-fins  E,  which  act  like  two 
foet ;  without  t£em  he  would  swim  widi  his  belly  up,  for  his  centre 
of  gravity  lies  near  his  back.  His  fins  also  help  bim  to  ascend  or 
descend,  by  expanding  or  contracting  them,  as  he  can  with  plea- 
sure, and  so  putting  them  in  a  prcmer  position.  His  tail  will  also 
help  him  to  rise  and  fs^l,  by  incnning  it  obliquely,  and  turning 
il  a  little  fixxn  an  erect  position  to  one  side.  Fish  can  swim. but 
slow,  yet  some  of  them  will'  swim  seventy  or  eighty  yards  in  a 
miiiute ;  but  they  soon  tire. 

'  Brutes  can  swim  naturally,  forifaey  are  specifically  lighter  than 
water,  and  require  to  have  but  a  small  part  oC  their  head  out  for 
breatning.  Ateo,  they'  n«ii8arally  :.iEBe  their  legs  in  swimming,  after 
die  lamemimtiierad  die^rtdoiwhol:  walkmg. 
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.^otAcil^wmkBtimlKaAaB^    And dieir  wij  of  i 
■P  wirtna  ^  tfait^rfwaHaag,    !!»  attain  the  ut  of  swinuuqK 
bypradipcand  indhisfiy.    And  dus  ait  oonasls  in  sHikiiig  aUer- 
'  ^^riflithehiBdi  laili'in  inAewtfe^idiidi, like  ogus,  will  ipw 
~~    ahe^ikeiffiililiiBkMdfl^Wadtlierkenfte 
Eiy«dMribgto^k>pam,t«tinfiimed,  Afed 

i|iaia^waid,aai  partly  fotinMBl.    WkOai  bin  haiidt 
iwBydamaphisfiKt;  aalwfaoiliKatrokeof 

jteaolBoniisfeetlUlagainit  the  water.    ABdwfeila 
bt  flttikeawidi  in  k^.  he  bda^i  aboiift  his  "linm^  figr  a  new 

III  I  am  Ij      He  mst  keep  his  body  a  lilde 

^«kaibe  HyaaoaeeaailjcracfthisbcBdyaadkBcpfaianKMdi 


£kamfu  Xim.  (1%.  1.  FL  XXVnL) 

ABaiBiadBneloniaeawei^ityaDdstayit  inanjpositiQii.  CD 
a  nUer  tarned  ^T  die  baodle  £.  To  die  roUer  is  fixed  die 
lac&ei  wbedF.  (m  is  a  caldi  made  of  metal,  moteabk  aboat 
fi,  and  ibifcfid  at  die  end  G,  where  it  falls  into  die  teedi  of  die  wbed 
F.  As  tbe  roller  is  tnnied,  die  we^;fat  is  raised  by  die  rope  IKt«. 
And  lfaecalchG,dides  freely  over  die  teedi  of  die  whee^  till  die 
maduile  is  stopped,  and  dwn  die  caldiG  taBkog  in  between  die 
teeth,  keeps  die  wbeel  fixed  diere,  dot  it  cannot  turn  back  a^o 
with  die  wi^^^t. 

ExjLMTLB  JUV.  (^.  9.  PL  XSVnL) 

KI  is  a  machine  to  raise  or  depress  die  lerer  GO,  moreaUe  about 
anaxisatH,  and  to  keq>  it  at  any  position:  ^a  stiii^  fixed  at/ 
and  %  and  jroiw  in  die  Older  a6o4^  duoa^  tbe  holes  ^^<(f,  or 
dn  ranner  ft,  wbidi  being  pot  op  or  down,  raises  <«  lowers  the 
beamGH^pleasnre.  And  more  or  fewer  boles  n^y  be  made  in 
the  pieee  iK,  as  occasion  requires. 
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EauM^BXLv.  (Hg.  3.  K  xxym.) 

CD  another  maduoe  t^  stay  a  'wtisfil  in  my  pMHioo.  Hus 
is  irtify  a  cylinder  of  wood,  upon  tiUdili  cat  a  ehftaoel  ibr  die  rape 
to  go  in.  If  the  weight  B  b^  lifted  tm,  and  A  polled  down,  then  jB 
'mil  remain  in  any  giiren  poAtion,  1^  die  frietion  of  the  cylinder 
and  ro]^.  And  thtere  may  he  taken  as  many  tarns  of  the  rope  aboBk 
the  cylmder,  as  there  is  occasion  fot. 

ExAMPtf  XLVI.  (Fig,  4.  FL  XXVIU.) 

C  is  a  dock  weight  carrying  the  wheels  A  and  B.  D  the 
counterpoise.  F  a  pulley.  ADBFA  an  endless  cord.  When 
the  we^  is  down,  draw  the  cord  G,  till  the  weight  C  risetor 
thet(^;  then  die  catch  €  keens  the  wheel  A  from  taming  bade- 
wards.  This  may  be  serviceable  for  other  uses,  besides  moving  a 
dedr. 

Example  XLVH.  (%.  1.  FL  XXIX.) 

ADBamadnneibr  leekooing  the  number  of  strokes  or  vibrs^ 
tions  made*  DH  is  a  whed  moving  about  a  fixed  axis,  upon 
the  neck  of  which  axis  goes  a  brass  spring  I^  to  keep  the  wned 
from  shaking.  AB  a  piece  of  wood  or  metal,  cut  away  between 
I  and  K  to  reodre  the  whed.  Ihe  plane  of  the  piece  AIKB  is  pes* 
peiidicular  to  the  plane  of  the  whed.  F6  are  two  staples,  to 
gnidethe  motion  of  the  piece  AB  back  and  forward.  When  the 
piece  AB  is  moved  from  A  towards  B,  the  edge  at  I  catches  the 
tooth  C,  and  sliding  alonsdie  edge^  moves  the  wheel  about  in 
direction  CD ;  this  brings  £e  tooth  £  to  the  edge  K.  And  when 
the  piece  AB  is  moved  back  fix>m  B  to  A,  the  edge  at  K  slidh^ 
down  the  tooth  £,  moves  the  wheel  from  £  towards  H,  idiich 
biin»  another  tooth  before  die  edge  t ;  so  dmt  at  every  modon'of 
AB  back  and  forward,  the  wheel  is  moved  me  breadth  of  one 
tooth.  And  if  the  teeth  be  nnmbered,  the  index  M  will  shew  when 
^  wheel  has  made  one  revdution. 

BxAttPLfiXLvm.  (jpi;^.  1.  PI.  XXX.) 

ABED  a  machine  moving^  one  drde  widiin  anodier^  concefi- 
trical  to  it.  ABC  represents  a  flat  ring  of  biass ;  and  06c  a 
smaller  concentric  ring  lodged  in  a  circular  groove,  turned  within 
die  koger,  and  kept  in  the  groove  by  three  small  plates  of  brass 
^B,C,  fixed  to  the  outward  ring,  and  reaching  over  the  edjge 
of  the  inner  one.  Upon  the  inner  rintip  is  &^  a  concentric 
arch  of  a  wheel  ife,  having  teeth  init^bich  are  driven  round  br 
Ae  threads  of  an  endt^  screw-  DF,  tumiog  in  a  collar  at  E^ 
and  upon  a  point  at  F,  both  fixed  to  die  outward  ring.  By 
this  mechanism,  any  point  of  the  ctrde  abc,  may  be  set  to  -  a  given 
pomt  of  the  dide  A!BF,  by  tnnun^die  screw  DBF. 
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««  *.«.3tXIX.) 

AF  is  a  double  wheel, 
««fc^  iBK  sv  Msiji^  nbes  the  weiriit 
riS^    !!■  I  jee*  lOMud  tibe  aris  of  &e 
fWad  one  hori- 
of  the  rope  in 
es  ibr  the  rope 
i  ^Z^  wmi  ^U|ia  W  axe  drawn  asiae^ 
>   3^  >'.'<9  i^  T  x««ar  :u  K  n^vaei.    CDE  nores  about 
s>  jao^rt-  -Tciev.  6r  the  lofie  to  roa  on. 
.:  ah  ^-.^    '.^.-^^  4!r  a><^c  ^  ?HJe«  jk  Laai  he  fixed  with  its 


^^  »  «m.m:^  j«mp«a.  rSis^  s-  cram  Vr  ihe  wind,  by  help  el 
»•  sK^  .\  .\  i^  ss  tt»  :7«att5;  TV  Ateh  wKt  be  set  at  a 
^•^«ft*  «&>.:sA«cv.  4C  a«  4Ki^<.X!«t  SMC  Mper,  than  in  oommoa 
^suft^^NK  V  .«\^«Y>«\  ^^^nsTRacmiKy  ^eiinc  dbnoti  are  proper  for 
^^    «vi»<^  aa^  .?*aBa»eeM  mmhk  :  aai  «e  said  to  oe  fre- 

^j>  S.4SMMS&  M^^i.  ,V5  ^  a  ^if  ■wrii  whcdy  wherein  the 
>%>«^>  x-  >Aiie^  ^x:  uv*:  j«.n:  j^  4K  ^cobik.  TW  sawke  or  larified 
^f  tov>^  ^  4)^  IK  o).aun*«(  «t  ^  ^Qabes  ;ihes«  sails,  which  being 
^M^sA^^  A^x\  4K«>t^'%^v  3l^^«^  ^ntc  ;iht  asK  of  the  whed,  toge- 
;Dvr  %Li^  ittir  »ti*.v«  v\  ^  :s.v  MnKs^  C  curies  the  toothed 
%4«N»  h'*  c<  V  >.»  xvrt> .  Al  i:i<««e  iw  ot  ircau  E  a  wooden  wheel 
ttoc  *?r  ^^  ^ikHk*^  xaoMoer ;  »c.  ^irraes  ffce  chaiu  or  rope  F, 
>ft4a.^  t^ink^  :&«  x.'^C  TV  WiikC  AB  an^be  placed  in  the  stiait 
M/t  vK  ;^  <aimit^%^  w^vfre  «ir  ato.'on  ct  ife  air  b  swiftest,  and 
M  liW  $^MM:$t  pact  of  :t  auiy  :$iriL«  crctt  the  sails.  The  force 
4M*  tbi$  aMch.jae  %<^  $i>  wttdi  wmer^ »  oe  fire  is  greater.    Hie 


sedfc^  B  arir  of'  Qtt»  ^aoc  e«;M  «a  e— ibWj,  placed  at  an  angle  of 

fixanpu  LU.  ^«^.  t.  PL  XXXI.) 

Au  en^ne  lo  «»ke  a  >awwr  5tf»^«  W  die  water  wheel,  7  or 
$  yarda  diameter;  IX  IV  the  tioats*  BC  the  arie^  3  or  4  feet 
dimeter^  H  die  hammer^  3  or  4  hundred  weight,  moveable 
about  the  axb  OP.  I,  K  fimr  cogs  in  the  axis,  lifting  up  the  ham- 
mer as  die  axis  goes  round,  that  it  may  fall  on  the  anvil  A.  FG  a 
benm  of  wood  acting  as  a  spring,  to  give  the  greater  force  to  the 
hammer.  MN  the  course  or  the  water  down  an  inclined  plane. 
M  the  place  where  it  issues  out.    LM  the  perpendicular  height  of 
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the  water,  3  yaTds.    All  the  machine,  except  the  water  wheel,  19 
wUhin- the  house. 

•  A  hammer  may  also  he  made  to  strike  thus :  A  {Fig.  1.  PI. 
XXXIJ.)  is  the  hammer  moveable  about  the  point  C.  G  the  axle 
ctf  a  water  wheel,  in  which  axis  are  the  pins  or  curved  teeth  F,  E, 
&c.  As  the  wheel  and  axle  goes  about  from  F  towards  £,  the 
pins  or  teeth  F,  £  thrust  down  the  end  B,  and  raise  the  end  A  of 
the  hammer.  And  when  the  end  B  goes  off  the  pin,  or  tooth,  the 
hammer  fiills  upon  the  anvil  D. 

Example  LUI.  {Fig,  2.  PL  XXXlI.) 

I,  I  a  crooked  axis,  elbow,  or  crank,  for  the  tuckers  ofpumpt,  IK 
the  pesde  or  chain  of  the  sucker.  Upon  the  axis  is  the  lantern 
£F,  which  is  turned  by  a  great  wheel,  carried  either  by  water,  or 
men,  or  horses.  The  pestles  IK  rise  and  fall  alternately,  as  the 
lantern  EF  goes  about,  and  each  gives  one  stroke  of  the  pump  for 
•ne  turn  of  3ie  lantern.  Place  pvJlies  or  rolls  at  a,h,c,dy  for  the 
chain  IK  to  work  against,  when  it  goes  out  of  its  perpendicular 
position,  by  the  obliquity  of  the  motion  of  the  cranks  I,  I. 

Example  LIV.  {Fig.  3.  PL  XXXH.) 

ABCD  a  particular  combination  of  puUiet.  T,  T,  T  are  posts 
to  which  the  tackles  are,  fixed.  S,  S,  S  are  sta>s  to  keep  them 
erect.  If  the  power  at  A  be  1,  that  at  B  is  3;  at  C,  9 ;  and  at 
D  27,  where  ue  weight  is  placed.  , 

Example  LV.  {Fig.  1.  P/.XXXni.) 

A,  B  are  two  beilows  going  by  water,  and  blowing  alternately, 
but  neither  of  them  with  a  continual  blast ;  W  the  water  wheel. 
DE  the  direction  of  the  water.  FG  the  axis  of  the  wheel;  a,  a, 
&c.,  4  cogs  of  wood  in  the  axis,  forcing  down  the  end  of  the 
belk>ws  A.  66,  &c.  4  cogs  forcing  down  the  end  of  the  bellows 
B.  LM,  NI  two  rods  of  iron  fastened  to  the  bellows  and  to  the 
lever  MN,  and  moveable  about  the  pins  M,  N.  SP  a  piece  of 
timber  moveable  about  S  and  P.  OP  a  beam  serving  for  a  spring, 
lying  over  the  piece  of  timber  QR.  As  the  vrbeeX  and  axle  turns 
round,  a  cog  6  forces  down  the  end  of  the  bellows  B,  and  makes 
it  blow;  this  piills  down  the  end  N  and  raises  the  end.M  of  the' 
lever  MN,  wluch  raises  the  bellows  A.  And  when  the  cog  6  goes 
off,  the  bellows  B  ceases  blowing;  and  a  cog  a  forces  down  the 
beUows  A,  and  makes  it  blow ;  and  at  the  same  time  raises  the 
bellows  B.  And  thus  the  cogs  a,  6  alternately  force  down  the 
bellows  A,  B,  and  make  them  blow  in  their  turns.  H  is  the 
hearth  or  fire. 

A  pair  of  bellows  may  be  moved  by  water  thus :  A  (J?%.  1.  PL 
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X\XIV.^i$«^MKr^iAeri,cntMIi^liie  water  at  W.  CD«i«d 
«  Mft  fwi^  <»  As  oraokri  ndb^iee,  <ir  crank,  of  fbe  wh^$  0F 
nlw^rii  i^ilh  A—i  E.  FO  a  dtthigd^  Id  Hie  b^owsB. 
I  a  iwaijic  As  iIk  afcutl  joes  aboat,  die  euis  D  ahd  F  of  llie 
li««irl%;n»  MiM;  lAidk  wMion  raises  the  beHows,  ftnd  the 

fiaiLvns  LTL  (1%.  1.  K.  XXXV.) 

A  tD»i  B«it^  ^i^KsIs  miili  lMd^  and  a  roller  to  draw  up*  any 
^^«^^    E..  H.  H  lAir  h— iiM»  which  may  be  wrou|;fat  by  two  or 

^et  lihr  «<iS9i«  iftd  iJM^tija  nllers  for  eomnion  use  are  such 
«C«i»ilV  ^f%«»«:l«Hri,  MXXXM.)  Inthese,as30lb. 
»tlih»wwic:)Aa^V(  inwdL«»Msidienidiiisofthealdebe  to  the 
Ink^  44^  aie  Wiidk^  i^  a  woua  to  worit  it 

If  a  $r^(f«  w«««^  PnMs^  aacAer  weight  W,  onsndi  a  tnachifie 
a»  v)^3t.  l^l  Hl>  Jlw^Mttwenaa  the  greatest  modon  possible iir 
a$r^W  ti»r;  wlmihped:^aMteR:  AB,£F,aiid  weight  Ware  of 

»»{4.^trti»a^ii^Vs*^^-^^,oririienEF=^^^^  ? 

Fy«^  idM«  iW  »v>Mi  w^a  be  ip«feier,  dnn  if  any  one  (H,  AB,  or 
lUT^  W  »h«w4>  ilie  r»t  itiMwiag  the  same. 

A^a  wk  ?*cli  a  aMtMie  as  vF%p>  K  PI  IV.)  the  greatest  moUon 
wi^  Wfi<xeiOi4  Ml  W;  if  j««  aalof:^  as  vdocity  of  W :  Telocity 

Siaitru  UlL    (J%.f*  PI  XXXV.) 

Aifc  «»^*  t»<lrw»  jNfaik  A  At  wrr^  dimwit  up  ly  to  rope 
RCU^>M«<»>(wriWp«AWTC  DK,DN  several  small  ropes  fer 
«#«Rinaaii«aK»paUau  MAepiK  £Fa  biaoe  and  hiddertogo 
Hfk  Tin  iMMWf  Ais  beiMid  aa  botlOBi  wiA  iron,  lesl  it  splits 
»idhii>ttwi»tttteea<iMiAebe(tta»detokteBitin  the  grooves,  nuide 
ill  Aa  «|M^  pMMcheoKS  G^H»by  which  its  SMlieii  is  directed* 
IW  laHMiPW  k  laisad  to  the  top^  by  ven  pulling  at  the  repea 
1>N»  and  then  tettinf  fo^  ttt  ^  once,  it  Ma  npen  Aa  heed  el 


tl#MkM 

Om  vUe»  aie  diewn  e«t»  by  striking  gentif  upon  Adr  beads^ 
wlal«l  Uwy  are  petted  by  a  atrong  n^  aticftdied. 

SuLMru  LVIU.  (I^.  3.  FL  XXXVL) 

ACtapairefsaiiM'tMbws.  AL,  BI^CL  aie  tinee  boeids; 
the  vniddW  boaid  BL  drndes  the  intetnal  nnce^into  two  paila. 
In  tha  aiiiddle  beeid  is  a  ^aife  S  opemng  into  die  n^per  pert; 
and  in  the  lowest  boaid  is  anotor  Tahe  T  opening  mto  the 
under  pait.     The  pipe  P  eouBnaicetes  oekf  with  the  upper 
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sMtilw^  D£  a  tef«r  inof«Mble  aboiiC  Ifae  9m  OH«  At  I  «i 
«ii||itifllaidiipoii'Aftinl)per  bovid  toBMiLehfia^^  IhebeUowi 
19' fixed  in  the  frameMKyby  two  iron  pins,  which  are fint an  Iht 
middle  board.  And  thepipe  P  lies  upon  the  hearth.  V/hen  the 
end  £  is  pdHed  down  Dy  the  rope  £F,  the  end  D  is  raised^ 
and  the  sope  or  chain  DR  raises  the  kfwev  board  CL;  this 
■hots  die  Tarn  T  and  opens  S^  and  the  air  is  forced  into  the 
upper  eavity>  which  raises  the  upper  board,  and  blows  dm>ag^ 
WB  pipe  P.  And  when  £is  laised,  the  boards  A  and  C  descaodi 
and  the  yalve  S  shuts,  and  T  opens.  And  the  weight  I  foroea 
the  air  stiU  out  of  the  pi])e^whil8t  more  air  cnteis  in  at  the  valveT ; 
wfaidi,  when  C  ascends,  is  forced  again  fhnnagh  the  vidTe  S  as  be« 
fore.    And  thos  the  bellows^have  a  continual  blast. 

Example  UX.  {Fig.  1.  FL  XXXVH.) 

An  engine  to  raise  water.  LMOI  a  great  horizontal  wheel. 
ABP  die  axis,  P  the  piTot  or  spindle  it  turns  upon.  OQI  the 
wares  of  the  great  wheel.  QR  a  small  wheel  perpendicular  to  the 
hMizon,'ahd  placed  under  the  edge  of  the  great  wheel:  this 
vtheek  is  nioveM>le  about  the  centre  C,  in  the  end  of  the  lever 
£FC,  which  is  moveable  about  the  centre  D;  £F  the  arch  of 
a  ditle,  drawn  from  D  as  a  centre,  whose  plane  is  perpendicular 
to  the  horizon,  and  in  the  plane  of  the  wheel  QR.  £6  die  chain 
of  a  pmnp. 

Whilst  the  great  wheel  is  tuned  by  the  lever  NA,  from  O 
toiwards  I,  the  wave  Q  presses  down  the  wheel  QR,  and  raases 
the  end  £,  which  draws  up  the  water  ia  the  pump  G.  But 
when  the  deepest  part  of  the  wave  is  past  the  wheel  QR,  the 
wheel  then  rises  up  into  the  hollow  S,  and  then  the  dudn  SO 
descends,  tiH  dte  Aext  wave  ridse$  it  ag^.  And  thus  every  wave 
makes  a  stroke  of  the  pump. 

The  wheel  QR  is  placed  there  only  to  avoid  friction,  and  s6 
that  a  perpendicular  to  its  plane  may  pasi  through  AB.  If  tbt 
number  cf  waves  be  odd,  and  another  ptmip  whe^l  and  lever 
be  placed  diametrically ,  opposite,  on  die  odier  side  of  the  great 
vrfaeeV  dien  these  afsting  by  turns  vrill  keep  die  motion  unifoim, 
and  the  power  at  N  wiK  alwkys  act  eqtiaUy. 

Example  LX.  {Fig.  2.  P/.XXXVI1.) 

BFGa  ceqatanf  to  draw  great  weights.  BC  the  ads,  which  is 
driven  about  by  men  acting  at  A,  A,  by  help  of  die  levers  AB, 
AJB.  Here  must  only  be  3  or  4  spires  of  die  rope  DC£  folded 
alK)ut  the  axis  BC;  for  the  axis  could  not  hold  so  much  rofye 
as  there  is  sometimes  occasion  for.  And  to  hinder  the  ropfe 
from  slipping  back,  a  man  constantly  pulls  at  £  to  keep  it  lighi 
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JLbc  TftiF  SIS  s  —jg  I  ■■■  ■!■  or  laiKr  angular  at  tfie  bottoin 
C.  ff  iiBo  -fti^  9B^  i«a  s°B<?  »7  lower,  vfaflst  tiie  capstaa 


£kad^  IXL  ^J%.  1.  PL  XXXVIIL) 
AL  s  a  m^  t»  lA  aiua  tigltk.  £  it  a  pnkm  upon  tlit 
«K  RX  ChT  a  SK^ei  »imJU  ani  D  a  pinioo  opon  the  samt 
SES.  ^ivnkmr  ia  as  »iA  mi  *e  nek  AB.  The  whole  is  in- 
dani  s  a  nnr  caie  UU  d  of  neid.  The  handle  GHI 
fae^  nr  ^  jee^  R* talk hskade aflhe can. 

WiKs  a  i^jiJMi  B  a»  hr  hAei.  Ae  kAmd  end  A  is  put  nnder 
As^sesnc:  Aeaa^iKsaartiv  hoBdle  HI,die  pioion  £  moves  the 
w^ca:  OC.  v:i&^heTiaaaD;  ainl  D  laiaes  Ihe  rack  AB^with 


£xi.«7iJE  LSJL  vJ«.  i-  PL  XXXVIIL) 
Ax  ta^sw  t»  nee  sii  kt  frfl  two  tBci^bt*  with  oontraiy 


:  power  acH  always  one 


CH  a  cms  auuawfcil  ■hiiL  K ,  M  two  haterns,  so 
fkcvi  ««:  J»  SBS  AB^ ;aat  ^pc«at  wheel  can  onlj  work  one 
at  :kifgt  ac  «ice.  'l^K^ea  the  c<c  wheel  GH  is  tnrncd  by  the 
k««r  U.  K  tew  *e  Uaaera  JL  ainl  laises  the  bocket  E, 
whose  F  CMsnsiis.  l^Ksa  E  heiae  aned,  move  ibrwaid  the 
ais«^AK  s^  ;^  liiaaLin.  M  mvr  kare  the  whed,  and  N  come 
a?  le.  Tba  ^  cnaat  wa^l  mcmr^  dbe  same  way  as  before, 
wxft  a>^w  wixk  a»!w  X^aed  acfa  the  aobs  the  oontraiy  way,  and 

«t  r  ~  -        - 


tbe  HBa»t  F  whilst  £  doccMds.     WhicA  done,  mote 

A,  awl  yna  wiU  ^am  liae  die  backet  E, 


Themiy  als^be  |<<i<L»tmnl  K  plada^  the  famems  M, N,  so 
that  the  pvat  wHui  may  wuvk  ihem  ho&  at  oooe;  bat  making 
■Mneahle  ahont  Ae  axis  AB^  ihcn  them  aaoBit  be  a  pin  to 
I  cither  oC  them  to  Ae  axis ;  so  ^aft  fat  one  lantern,  and 
dK  other,  hcinc  thias  ised  to  Ae  axis,  wUbt  the  other  is 
/F  wiHmccsid  aad  dmcsnd  iHiin,mly. 


iatoematdy. 

ExAXPLi:  LXIEL    (J^-  ^-  ^^  XXXK.) 
Awtf /cranoowark.    AB  the  slitting  mill,  CD  ibe  plate  mill, 
SP  the  dipping  mfl.    1^  F  aie  two  great  water  wheels.    After 
diewater  is  past  the  whed  E»  aaovinp  in  direction  QW,  it 
■        ■     —       -    stionXY.    -  -  ' 


aboot  to  die  whedF,indiicctionXY.  The  water  whed  E»  with 
die  lantern  G  on  the  same  axis,  canies  die  spor  wheds  M  and 
H,  widk  die  cyiinden  B  and  D.  And  die  whed  F  vridi  die 
lantern  I,  canies  die  wheds  N  and  K,  widi  the  cjfindeis  A  and 
C.  The  cylinders  A  and  B,  as  also  C  and  D,  mn  contrary 
ways  about.     And  the  cylindeis  A  and  B  are  eni  into  teeth,  for 
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dittiDgifon  ban.  C,D  an  8  inches  diameter;  A  and B  abom 
12.  And  these  cyliiiders  may  be  taken  out  and  others  put  in» 
^d  may  be  brought  nearer  to^  or  further  fronii  one  another^  by  help 
of  screws,  which  screw  up  the  sockets  where  the  aides  run. 
The  axles  of  N,  I,  R  lie  all  in  one  horizontal  plane.  And  so 
does  My  G,  H.  But  the  cylinders  A^  B,  and  also  C,  D,  lie  one 
abore  another. 

For  making  the  plates  ;  if  a  bar  iji  iron  be  heated  and  made 
thin  at  the  end,  and  that  end  put  in  between  the  cylinders  C,  D, 
whilst  the  mill  is  going,  the  motion  of  the  eyiinders  draws  it 
through,  on  the  other  side,  into  a  thin  plate.  Likewise  a  bar  of 
iron,  being  heated  and  thinned  at  the  end,  and  put  in  beitweeif 
fhe>  toothed  cylinders  A,  B,  it  is  drawn  through,  on  the  other 
side,  and  slit  into  seversd  pieces,  or  strings.  And  then,  if  there 
be  occasion,  any  of  these  strings  may  be  put  through  the  plate  mill 
with  the  same  heat,  and  made  into  plates. 

OPQ  is  the  sheers  for  clipping  bars  of  cold  iron'  into  lengths. 
V  a  cog  in  the  axis  of  the  water. wheel.  OP  one  side  of  the 
sheers  made  of  steel,  and  moveable  about  P.  The  plane  LPR  is 
perp^idicular  to  the  horizon.  When  the  mill  goes  about,  the 
oog  V  raises  the  side  OP,  which,  as  it  rises,  clips  the  bar  TQ  into  two, 
by  the  edges  SP,  RP.  All  the  engine,  except  the  water  wheels 
£,  f,  is  within  the  house. 

Example  LXIV.    {FigA.  Pl.\L,) 

AFC  a  windmill  to  frighten  birds  from  corn  or  fruit  This  is 
made  of  wood.  The  sails  F,Fa  foot  long,  and  their  planes  in- 
clined to  the  axis  BC,  45  or  50  d^ees.  The  piece  B  goes  upon 
the  end  of  the  axis  BC,  and  is  pinned  fast  on,  and  the  sails  and 
axis  turn  round  together ;  and  the  axis  goes  through  the  board 
AD,  and  is  kept  from  flying  out  of  the  hole,  by  the  piece  B  pinned 
hsU  The  whole  machine  is  itoveable  about  the  perpendicular 
staff  AG,  by  which  means  the  wind  turns  the  mill  about  the  axis 
AG,  till  the  plane  AD  lies  directly  from  the  y^ind ;  and  then  the 
sails  face  it.  At  S,  ui  a  spring  to  clack  as  it  goes  about ;  and  the 
like  on  the  other  side. 

Example  LXV.  {Fig.  2.  PL  XL.) 

An  anemotoope,  to  show  the  turnings  of  the  wind.  CD  is  a 
weather-cock  of  thin  metal,  fixed  fisist  to  the  long  perpendicular  axis 
DF,  whidi  turns  with  the  least  wind  upon  the  foot  F,  and  goes 
through  the  top  of  the  house  RS.  To  tnis  axis  is  fixed  the  pinion 
A,  wbich  works  in  the  crown  wheel  B,  of  an  equal  number  of 
teeth.  The  crownwheel  is  fixed  on  the  axis  PI,  on  the  end  of 
which  the  index  NS  is  fixed.  The  axis  PI  goes  through  the  waU 
IM :   against  the  wall  is  placed  the .  circle  N£S\V,  .with  the 
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poiBlsbr  Ae«ott^MBMiittdlit  nai,if  dM  vaae  €Dbe  sol  to 
llie  noitfiy  and  at  Ihe  sane  tone  the  iiid«  SN  fiked  oa  tiie  sna 
ply  Id  point  at  8;  anaHf  tiowever  diie  -mioA  Taries^'it  wUl  tum 
tte  TaneCD,  and  pinion  A ;  and  A  turns  tbe  mML  B  wilb  llie 
Index  N ;  80  that  tfie  aidex  wiB  always  be  directed  to  the  op- 
fMssite  pc^  of  the  compasB  to  Ae  wvte  DC,  or  to  the  same  as 
tevindisin. 

BxAMPLB  LXVL  (fi^^PtXL.) 
DEF.is  af^^gjwwy,  or  timm-fmmp.  SP  ndie  banel,  CI>  Ihe 
foBer.  6H  an  endless  diain,  to  wluch  are  fixed  sereial  IfaAer 
bndEets  I,  I,  hollow  on  die'  npner  side  that  aseends.  AB  te 
handle.  The  use  of  this  is  to  cleanse  fool  waten  from  dht  aiid 
tnbbufa.  The  roller  is  ribbed  to  hiaderdie  diain  from  sUp^K 
in  working.  When  the  roller  is  turned^  it  draws  up  tfae,cham 
through  the  pomp,  with  whatever  is  in  the  water,  ana  diadiaigcs 
it  at  the  top.  Indeed  of  the  roUer  CD^  a  wheel  like  a  tnuMlk 
may  be  n^d,  called  the  rag  wheeL 

Example  LXVn.  (Fig.  1.  PL  XU.) 

Atfyer^sandJuUef's  mli,  A  the  great  wheel  canied  about  bgf 
hoises.  Thistnins  the  trandles  B^C,D,  together  widiE^F^G. 
Then  £  turns  the  cog-wheel  H,  with  the  axis  IK^and  the  crsts 
pieces  L^ L;  1, tylio.  are  pidUes  or  roUexs.  MN*  MN  wooden 
beaters,  taming  upon  an  aids  passing  tfaroogh  N,  N.  Whilst 
the  axis  IK  turns  idbovt,  the  end  b  slides  along  die  puU^  1 ; 
and  fidhng  off,  the  pait  M  strikes  agaiast  the  doth  in  die 
trough  at  0>  O.  The  lantern  F  carries  &e  eog-wheel  P,  mi 
the  cranks  Q,  Q,  which  work  the  pumps  T,  T,  by  help  of  die 
levers  RS,  move^le.abot|ta.  The  trundle  G  carries  the  eoff" 
wheels  V  and  W^  and  W  carries  the  trundle  X,  with  the  piston 
Y  diatgrinds  the  indigo  in  the  vessel  ed;  from  whence  H  flows 
to  the  ve^^  Z.  The  ends  my  m,  &c;  of  dl  the  axles,  nm  in 
pieces  of  tiBd>er  gomg  erdss  die*  kiffl,  atul  fastened  tq  one 
another  and  to  the  walb  of  the  house. 

EzAMPUsLXVIII.  (jPijg.4.P/.XI«.) 
A  machine  to  empty  standing  waters.    This  is  no  more  than 
a  large  pipe  or  syphon  ABC,  being  extremely  dose  and  tight 
dial^o  air  can  get  in. 

-  If  Ae  pool  of  wateir  DE  is^  to  be  emptied  over  A*  hill  BiIG| 
let  the  pipe  be  placed  with  its  moudi  A  Widiiti  the  water  DE,  and 
Ae.  moutn  C  wxthfri  the  water  FG,  if  the  pipe  be  very  large. 
)%en  -stop  tip  A'  and  C,  and  6l\  ihe  pipe  with  water  by  tfic- 
^odt  B  at  die  top.  Then^  stof^ping  liSe  cock  B  very  close,  open 
AaodC;  imd  m^' w«t^  vi^t  -floW  though  the  pipe  frdm  DB 
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Ul/^  F);^ vkkb  mfj  rw (iv#r  »t F»at »  «natt  heiglit  Above  Q, ai»4 
go  away* 

.  -  Ifoti^ilie  end  €  must  ahrayt  be  )o««f  tha»  A»  «Bd  the  (leiffbt 
fll*«  tOfl  BaboYePPiBust  not  ^xoeed  11  yaida;  for  if  it  dp, 
tte  water  mU  Mt  fl^fp,  If  tbe  pip«  be  very  str^it^  tb^  end  Q 
nMdfiOl  be  MupaTBfd  in  the  waliv;  but  if  laigeitipust}  or  em 
liiew^^iiiimiHiale  itself  into  the  pipe  at  C|  and  binder  the  ftoK 
oftbemter. 

ExAMPUs  LXIX.  {Fig.  1.  P/.  XUI.) 

'  SFGH  ir«  eMdghm.  Etke  cog«w!ied,  11  feel  diettetervand 
ffe  cogs ;  this  carries  the  trundle  F,*  near  2  tet  diameter,  and  1^ 
i^irndtr,  togetherwiA  the  roll  0/4  feet  diaaneier.  AH  is  the  star^ 
t^feetlong.  The  axis  AB  runs  npOD  the  kevy-elockC.  There  are 
t#e  cress^rees  IK,  at  #ie  top,  Aroogh  which  the  axis  AB  goes; 
These  cross-trees  are  sup^rted  by  foor  posts  KL-  at  the  fodt 
eetl^ets;  When  the  eoi^  are  to  he 'drawn  np  out  of  the  pit, 
two  horses  are  yoked  at  H^  and  po  round  in  the  piA  OQD,  im± 
draw  the  wheel  about  And  whilst  the  loaded  corf  N,  is  (kawil 
up  to^e  top  of  the  shaft  M,  b^  die  rope  going  round  the  roil,  the 
empty  one,  at  the  oth^  end  of  the  rope,  is  deseending  to  thebo^ 
toni.  And  the  loaded  eorf  "N  being^lidcen  off,  and  an  empty  one 
put  on,  the  horses  are  turned,  and  made  to  draw 'the  eontiacjr  way 
abovrt,  liH  the  other  dorf  comes  to  te  to^  loaded  s  and  so  as  one 
corf  ascends,  the  other  descends  alternately.  A  corf  of  oeala 
weighs  about  five  hundred  weight,  and  eoataiiM  about  lour  and  a 
half  bushels.  A  pit  is  forty  of  fifty  fiithom  deep.  And  fi%  fiu. 
thorn  of  the  rope  weighs  about  three  hundred  weij^t 

Example  I.XX,    (i%.  1,  P/.  XLin.) 

A  m9r9»  j«^  for  twiiipi;  a  m^  ABC  t^ebadnrel  round  wbi^ 
tto  «0iA  fift  isnDowid..  SJ4  Ae  mm^  wh^  of  six^y  teetji.  It 
the  worm  wheel  of  about  thirty  teeth,  cut  obliquely.  .  JLIVf  t^ 
pMoo  of  ^teen  or  silufeeeib .  Q  H^  wffm  o^.  emUesii  sc]re^4  oh 
mhi^  am  two  threedf  of  wqbsm  going  roimi},  ^nd  m^king.an  aot 
gle  witi»  d)e  axis  of  sixty  or  seven^^e  4eg»Ms.  X  the  stud;  2! 
ilm  loop  of  the  woKsa.  flukidte.  f  ft  h«a«y  whe4  9c  $y  tf>  mal^f 
Ite  motion  upifonctt..  DO  dia  struck  whi^l  fixed  to  the  axis  !FP. 
S,S  sevBrat  holes  in  the  firame,  to  nail  it  to  a  baQx4».  which  is  to  ba 
nailed  against  a  wall;  the  end  ^  goii%  through  it  HI  the  ban* 
die,  going  upon  the  ajqs  £T,  to  wind  up  the  weight  when  down. 
R  are  fixed  pullie»;  V  moveable  puUiea  with  the  weight.  The 
aiii  Hit  i^  fixad  in  thi^  ban«^.4C,.ci|xd  thp  i(xis  b^ing  hollow^  lH>th 
ii^ Ibe  biesellup^ lound'upf^n  tbe ap^^  FD,  w^f^ M  m4  to. 
the  wb^  KI^  burping  Jui  i^.  pi4ej5v  BX4*.  ^  fiftftPOj  top  the, 
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contrary  way,  by  reason  of  a  catch  nailed  to.  the  end  AB,  which 
lays  hold  of  the  cross  bars  in  the  wheel  LK. 

The  weight,  by  means  of  the  cord  QR,  carries  about  the  barrel 
A6,  which,  by  means  of  the  catch,  carries  the  wheel  KL,  in^iich 
carries  the  nut  LM  and  wheel  N,  which  carries  the  worm  O  with 
the  fly  P.  Also  tlie  wheel  LM  carries  the  axis  FD  with  the  wheel 
DO,  which  carries  the  cord  or  chain  that  goes  about  the  spit  head, 
(a  wheel  like  DG)  which  turns  the  spit.  The  more  pulkes  at  R 
and  V,  the  longer  the  jack  will  go ;  but  tlien  the  weight  must  be 
greater. 

The  catch  lies  between  the  end  AB  of  the  barrel  and  the  wheel 
KL,  and  is  thus  described :  .J(7'the  barrel,  n  the  main  spindle;  dr 
a  tumbler  moving  easy  on  the  centre  pin  a,  Isistened  to  an  iron 
plate,  nailed  to  the  barrel ;  bn  collar  of  iron,  turning  a  little  stiff 
on  the  spindle :  from  this  proceeds  the  tongue  be,  passing  thcou^ 
the  hole  c  in  the  tumbler;  r  the  catch  of  the  tumbler.  Now 
whilst  the  barrel  with  the  catch  is  turned  about,  in  the  order  efi 
upon  the  axis  n,  the  collar  is  drawn  about  by  the  tongue  be;  wluc 
tongue  acting  backwards,  turns  the  tumbler  about  the  centre  a,  and 
depresses  the  catch  r.  But.  the  barrel  being  turned  the  contrary 
way,  the  tongue  tlien  acts  towards  d;  this  depresses  the  end  d,  and 
raises  the  catch  r,  which  then  takes  the  cross  bars  of  the  nuiiii 
wheel,  and  stops  the  barrel.  This  catch  would  also  serre  for  a 
clock,  and  is  better  than  a  spring  catch,  because  it  makes  no  noise 
in  winding-up. 

Note,  the  jack  need  not  be  placed  so  that  the  axis  FD  be  paial? 
lei  to  the  spit;  but  any  way  it  can  conveniently.  For  it  is  no 
matter  whether  the  chain  crosses  or  not 

Example  LXXI.  (J%.  2.  PL  XIHI.) 

BAF  the  hydroitatical  bellows.  AB,  £F,  two  flat  boards  of  oak ; 
ihe  sides  A£,  BF,  of  leather,  joined  very  close  to  the  top  and  bot- 
tom,- with  strong  nails.  CD  a  pipe  screwed  into  the  piece  of  brass; 
in  the  top  at  C. 

If  a  man  blows  in  at  the  pipe  DC,  he  will  raise  a  great  weight 
laid  upon  the  board  AB.  Or  if  he  stands  upon  the  board  AB,  he 
may  easily  blow  himself  up,  by  blowing  strongly  into  the  pipe- 
DC.  If  water  be  poured  in  at  D,  till  the  bellows  and  pipe  be  full, 
the  pressure  upon  AB  within,  vrill  lift  as  much  weight  upon  the 
top  A  B,  as  is  equal  to  a  cylinder  of  water,  whose  base  is  AB,  and 
heij^tCD. 

Example  LXXII.  {Fig.  1.  PI.  XUV.) 

ADM  is  a  water-mill  for  grinding  com.  A  the  waier-wheel  six- 
teen feet  diameter,  6C  its  axis.  D  the  eos-wkeelf'mih  forty-eig^t 
cogs.    O  a  trmdky  with  nine  rounds;  LI  its  axis.    M,  N  the 
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dmtOf  six  or  a&rta  leeC  diameter.  The  lower  ttone  N  is  the  lyer^ 
being  fixed  inunoveahle  opon  beams  of  wood ;  and  the  upper 
ttoae  is  the  rwmer^  and  is  fastened  to  the^piwUe  LI,  by  a  piece  of 
iron,  called  the  rmiy  fixed  in  the  lower  side  of  the  stone,  to  go 
sqoare  upon  the  spindle ;  between  which  and  the  stone,  there  is 
SDom  left  ibr  the  com  to  fidl  through  upon  the  lower  stone.  The 
spindle  goes  through  the  lower  stone,  and  is  made  so  tight  with  a 
wooden  teA,  as  to  turn  round  in  it  easily.  The  upper  stone, 
with  the  spindle  LI,  is  supported  on  the  end  I,  upon  a  noriiontal 
beam  of  wood  F£,  called  the  bruU^e ;  the  end  F  being  fixed,  and 
the  end  £  lying  upon  the  beam  ifo,  fixed  at  6,  callMl  the  hm^fer 
or  hearer.  The  end  H  is  supported  by  the  Hfting^ree  II K,  by 
help  of  a  wedge  at  K.  By  this  means,  the  upper  stone  may  be 
iaised  or  lowered.  For  if  KH  be  raised  with  the  lever  K/(,  the  end 
£^  the  axis  LI,  with  the  stone  M,  and  the  piece  GH  are  all  raised, 
and  may  be  fixed  there  by  the  wedge  K.  Thus,  the  stones  may 
be  set  as  near  or  &r  off  as  you  will.  The  lower  stone  is  broader 
than  the  upper  stoae,  and  is  feathered,  or  cut  into  small  channebi 
to  convey  the  flour  out ;  and  is  enclosed  with  boards  all  around, 
as  9bj  close  to  the  kmer  stone,  and  above  the  edge  of  the  under 
one,  to  keep  the  meal  in.  And  through  one  aide  of  the  boards  is 
a  hole,- called  the  mitf^yr,  through  which  tlie  meal  runs  out  into  a 
trough. 

The  surfaces  of  the  mitl-stones  are  not  flat,  but  conical;  the  upper 
one  an  inch  hollow,  the  under  one  swells  up  }  of  an  inch :  so  the  two 
stones  are  wider  about  the  middle,  and  come  neari^r  and  nearer 
towards  the  outside ;  whidi  giTes  room  for  the  com  to  go  in,  as 
far  as  I  of  the  radius,  where  it  begins  to  be  ground.  The  upper 
stone  has  a  dancing  motion  up  and  down,  by  the  springing  of  the 
bridge,  which  helps  to  grina  the  com.  The  flour,  as  soon  as 
made,  is  thrown  to  the  outside,  by  the  cireulation  of  the  stone  and 
the  air,  and  driven  out  at  the  miU-«ye.  The  quantity  of  flour 
gioimd,  is  nearly  as  the  velocity  and  vreight  of  the  >tone.  The 
stone  ought  not  to  go  round  above  once  in  a  second,  for  bread 
com. 

The  com  is  put  into  the  hopper  S,  which  falling  down  into  the 
$hoe  TV,  runs  into  the  hole  at  the  top  of  the  stone  M.  The  axis 
LM  is  made  with  six  or  eight  angles ;  which,  as  it  turns  about, 
shakes  the  end  V  of  the  shoe,  and  keeps  the  com  always  miming 
down.  The  axis  LM  ^may  be  taken  off.  PQ  is  the  direction  of 
the  .water,  which,  acting  against  the  floats  R,  carries  about  the 
water-vrfaeel  A,  and  cog-wheel  D^  which-  cog-wheel  carries  the 
lantern  or  tmndle  O,  and  the  upper  sfone  M  that  grinds  the  corn. 

Sometimes  one  water-wheel,  A>  carries  two  pair  of  stones,  and 
then,  two  cog-wheels,  as  D,  are  put  into^the  axts  ^C,  which  carry 
two^trandles  wi^  the  stones.  ^Olfaerv^i9e^  ^  cog-wheel  D  carries 
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a  trundle  Oy  and  spar-wheel ;  which  spur-wheel  carries  two  lan- 
terns with  die  stones,  one  lantem  on  each  side^the  i^heel.  Or^ 
sometimes,  the  same  cog-wheel  D  carries  another  lantem  and  oog« 
wheel,  whose  axis  is  parallel  to  the  horizon;  and  this  cog-wheel 
carries  another  lantem  with  the  stones.  And' the  trundle  is  snoh, 
as  to  make  the  blue  stones,  or  those  that  grind  wheat  fldur,  go 
near,  twice  as  swift  as  the  grey  stonefFdo.  '  In  these  cases,  when 
one  pair  of  stones  is>  to  stand  still,  there  99  either  a  loose  rung  to 
be  taken  out  of  its  lantem,  or  else  ^e  biidge  EF  is  shifted  towards 
H,  till  the  lantem  O  be  clear  of  D» 

The  diameter  of  the  water-wheel  A  must  not  be  too  large,  for 
then  it  will  move  too  slow ;  nor  too  Utile,- for •  then'  it  will  want 
power.  When  a  mill  is  in  perfection^  the  relocity  of  the  floats^ 
wings,  or  hands  R,  upon  the  wate^-wheel  must  be^>  the  velocity 
of  the  stream.  ..:•.••..  .  .  ! 

The  higher'&U  the  water  has,-  the  less  of  it  will  serre  to  cany 
the  mill.  In-  an  undershot  mill,  where  the  i»ater  VtAne^'imden 
neath  the  wheel,<it  is  brought  by  a  narrowchaiuMsl  x^led^the  mill 
race.  The  water  is  kept  up  in  the  mill  dim',  and  letottt  by  thtt 
penstock,  when  the  mill  is  to  go :  and  the  pehst«N^  is  raised  or  let 
d own  by  help  of  a  lever.  The  penstock  being  raised>  opens  a  pas- 
sage to  the  water,  ten  or  twelve  inches  wide^througiv  wmoh  itilowi 
to  the  wheel.  And  when  the  mill  is  to  stop,  the  penstock  is  let 
down,  and  the  orifice  stoppied. 

'  When  the  water  comes  underneath  the  wheel,  it  is  calM  an 
undershot  mill.  But  if  it  comes  over-  the  wheel  (as  I^,  2.  PL  LV:) 
it  is  called  an  overfall  or  overshot  mUL  This  requires  less^watM 
dian  an  undershot  mill ;  but  there  Is  not  convenience  in  all  plaoas 
to  hiake  them..  The  water  is  brought  to  the  wheel  of  an  overftll 
mill  by  atroughy  which  is  turned  aside  to  ^rew  the  water  off  the 
wheel  when  the  mill  does  not  ^0. 

A  breanf  mill  is  that  where  ue  water  is  dehvered  into  boxes,  at 
about  the  beifi^ht'of'the  axis  of  the  wheel,  uad  moves  the  wheel 'by 
its  weight.  This  requires  more  watev'dian  either  of  the  odier 
sorts.  ^  ^ 

A  good  overfall  mill  wiU  grind  two  uid  a  half  or  three  bttshels 
of  com  in  an  hour;  and  in  that  time  requiieslOO' hogsheads  of 
water,  having  ten  or  twelve  feet  fall.        '  : 

ExAMPix  LXXIII.  (F^.  1.  PK  XLV.) 
AB  is  a  trap  to  catch  venmn,  made  of  boards.  H?H.a  piece  of 
wood  suspended  over  the  bar  11^  by  the  lever  I>Ey  nikoveahle  about 
D,  and  the  thi«ad  F£  tied,  to  the  start  CK.  hnB  a^iiece  ofltet 
wood,  movesfcble  about  Im^  and  lying  on  the  bottom,  whose  end'  B 
comes  through  a  hole  in  the  side,  in  which  is  «  cateh  to  Xske  hold 
of  the  end  K  of  the  start^  when  the  trap  is- set    When;tlM' vemiif 
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go  into  the  ta^,  they  tread  upon  the  boaid  ImBy  on  whkfh  a  but 
is  laid,.T^bich  puts  down  the  end  B,  and  the  start  CK  flies  vp^i 
This  gires  lib^^  to  the  rod  D£  to  rise  up ;  then  the  fdeoe  of 
wood  GH  falls  down,  and  knocks  them  on  the  head.  If  two 
pieces  of  board  were  bailed  on  the  ends  Q,  H,  to  reach  below  thie 
piece  of  woodGH,  the  trap  would  take  die  yerminyive. 

ABE  (Jf^.  2.  PL  XLV.)  is  another  trap,  the  end  B  is  wire,  and 
the  end  A  slides  up  and  down  in  two  grooves  in  the  sides.  Wheki 
the  tfap  is  set,  the  end  A  is  suspend^  by  the  thread  CD,  tied  to 
the  rod  DI,  moveable  about  O,  the  end  I  being  held  by  the 
cropiied  end  of  the  wire  IS,  moTeable  about  R,  the  end  RS  going 
witnin  the  trap.  A  bait  is  put  on  the  end  at  S,  and  the  end  £  of 
the  trap  being  open,  the  vermin  goes  in  and  pulls  at  the  bait  S ; 
this  pulls  the  catch  I  from- off  the  end  of  the  lever  ID,  ^idi  lets 
the  end  A  fiiU  down,  .and  the  vermin  is  taken. 

Example  LXXIV.  (Fife,  2.  P/.  XUV.) 

.  An  :engine  for  moving  several  saws  for  the  sawing  of  stones,  &e; 
ILLI-is  a  square  irame,  perpendicular  to  the  horizon,  moving  in 
direction  LL^  in  grooves  made  in  the  fixed  beams  AM^  CB ;  and 
running  upo^  little  wheels.  XL  two  rods  of  inm  fixed  at  I  and 
L.  i^two  hands  of  iron  running  along  these  irods*;  <t9  these  are 
fioied  the  saws  S,  S.  HIK  is  a  triaagle  fixed  4o.  the  axi»  of  a  great 
wheel  i  As  the  wheel  anA  triangle  >  go  abput  from  H ;  towards  I^ 
the  point  I: acbng  against  th4  piece  G,  moves  the  frame  towafds. 
MB,  together  with  the  saws  S,  S.  When  I  is  gone 'off,  the  angle 
•K  acts  against  the  piece  F,'  and  moves* the  frame 'back;  again\ 
Thenr^  acting <  against  G,  moves  it  forward  ;aM  so  the  BKwsare 
moved  back'  and  forward,  as  long  as. the'  wheel  turns  round.  As 
these  saws  work  by  the  motion,  of  the  engine,  the  hands  op  dei> 
sceiad^ .  The  parts  F  and  G  ou^t  to  be  made  cuive ;  and  little 
wheels: may  be  applied  at. the  points  of  the  triangle  >HiKv  to  take 
away  ihe  friction  against  F  and  G.  The  axle  of  the  whi^l  may  be 
made  to  carry  more  triangles,  and  work  more  saw;s,  if  the  power 
is  strong  enough. 

Instead  of  the  triangle.  HIK,  the  fratnemay  be  moVed  bf  the 
two  pieces  a6,'  cd^.  going  through  the  axis,  across  to  one  another. 
So  that^  may:  only  act. on  F,  and  cdoaG,  V  being  only  in  th^ 
plane  of  a6^  motion,  and  G  in  that  of  cd.  So  that  F  nevdr  frdls  ia 
the  way  of  o^  nor  G  in  the  way  of  a6.    . 

.     Example  LXXV.    (F%'.  3.  JP/.  XJ-V.) 

.  A  is  an  edipHe.  This  is. a  hollow  globe  of  brass,  with  only  a 
very. small  hole  at  the  mouth.  Take  it  by  the  middled  B,  and  set 
itt>n  a  fire  till  it  is  heated;  then  plunge  it  in  cold  water,  and  the 
air  in  it,  which  was  rarifred,  will  be  condensed ;  and  water  will 
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go  into  it,  till  it  be  about  half  full.  Then,  if  it  be  set  on  the  fire, 
3ie  water  will  turn  into  vapour  by  the  heat,  and  will  blow  out 
at  thejnouth  with  great  violence,  and  continue  so  till  the  water  is 
spent. 

Example  LXXVL  (F^.  4.  PL  LXV.) 

ABD  is  a  kt^osa^.  BC  is  an  index  hung  by  the  (therm) 
string  AB,  the  point  B  hanging  over  the  centre  of  a  circle,  which 
is  divided  into  equal  parts.  The  staring  AB  twists  and  untwists 
by  the  moisture  or  dryness  of  the  air.  By  this  means,  the  index 
BC  turns  about,  and  shews  the  degrees  of  drought  or  moisture,  on 
the  circumference  DC. 

Example  LXXVII.   {Fig.uFLXLVL) 

A  windmilL  A  HO  the  upper  room,  HOZ  the  under  one.  AB 
the  axle-4reef  going  quite  through  the  mill.  STVW  the  tails  co- 
vered with  canvas,  set  obliquely  to  the  wind,  and  going  about  in 
the  order  STVW,  their  length  ab6ut  six  yards,  and  breadth  two. 
CD  the  cog-wheel  of  about  forty-eight  cogs,  a,  a,  a  f  which  carries 
the  lantern  EF,  of  eight  or  nine  rounds,  c,  c,  and  its  axis  ON. 
IK  the  upper  stone  or  runner  ;  LM  the  lower  stone,  QR  the  bridge, 
supporting  the  axis  or  spindle  GN  The  bridge  is  supported  by 
the  beams  cd^  XY,  wedged  up  at  c,  d,  and  X.  ZY  the  ttfiing  tree 
Standing  upright :  ob,  e/,  levers  whose  centres  of  motion  are  Z,  ti  : 
jfyfu  a  cord  with  a  stone  i,  for  a  balance,  going  about  the  pins  gh. 
The  spindle  ^N  is  fixed  to  the  upper  stone  IK,  by  a  piece  of  iron 
called  the  rind,  fixed  in  the  under  side  of  the  stone.  The  upper 
stone  only  turns  about,  and  its  whole  weight  rests  upon  the  bndge 
QR,  and  turns  upon  a  hard  stone  fixed  at  N.  The  trundle  EF 
and  axis  Gt  may  be  taken  away ;  for  it  fixes  on  the  lower  part  at 
4,  by  a  square  sooket, .  and  the  top  runs  in  the  edge  of  the  beam 
w.  Putting  down  the  endy  of  the  lever ^e,  raises  6,  which  raises 
ZY,  which  raises  YX,  and  this  raises  the  bridge  QR,  with  die  axis 
NQ,  and  the  upper  stone  IK ;  and  thus  the  stones  are  set  at  any 
distance.  The  lower  stone  is  fixed  immoveable  upon  strong 
beams,  is  broader  than  the  upper,  upon  which  boards  are  placed 
jound  the  upper  at  a  small  distance,  to  confine  the  flour  firom 
i]3ring  away;  and  the  flour  is  conveyed  through  the  tunnel  ifo 
dovrn  into  a  chest.  P  is  the  hopper  into  which  the  corn  is  put, 
which  runs  along  the  shoe  or  spout  r  into  the  hole  t,  and  so  rails 

>und.  The  axis  G*  is  square, 
oes  about,  makes  the  com  run 
n  Sf  which  being  turned  about, 
fi'om  the  axis,  and*  so  m^es 
according  to  the  wind.  And 
T,  V,  W  are  only  part  of  them. 
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or  one  side  of  them,  covered  ;  or,  perhaps,  only  a  half  of  two 
opposite  sails  T,  W  are  covered.  Towards  the  end  B  of  the 
axle-tree  is  placed  another  cog-wheel,  trundle,  and  stones,  with 
exactly  the  same  apparatus  as  before.  And  the  axle  carries  two 
pair  of  stones  at  once.  And  when  only  one  pair  is  to  grind,  the 
trundle  £F  and  axis  Gt  is  taken  out  from  the  other :  lyi  is  a  girth 
of  pliable  wood,  fixed  at  the  end  x  ;  and  the  other  end  /  ti^  to 
Ae  lever  Am,  moveable  about  k.  And  the  end  m  beins  put  down, 
draws  the  girth  xyl  close  to  the  cog-wheel,  and  by  this  means 
the  motion  of  the  mill  is  stopped  at  (deasura :  jtq  is  a  ladder  going 
isto  the  higher  part  of  the  mill.  The  com  is  drawn  to  the  top, 
by  means  of  a  rope  going  about  the  axis  AB,  when  the  mill  is 
going. 

In  mills  built  of  wood,  the  whole  body  of  the  mill  turns  round 
to  the  wind,  on  a  tampin  or  perpendicular  post.  But  in  those 
of  stone,  only  the  upper  part  turns ;  the  roof  is  the  surfoce  of  a 
cone ;  there  is  a  wall  plate  of  wood  upon  the  top  of  the  wall : 
in  this  a  channel  is  cut  quite  round,  in  which  are  several  brass 
rollers.  The  roof  has  a  wooden  ring  for  its  base>  which  exactly 
fits  into  this  channel ;  and  the  roof  is  easily  moved  round  upon 
die  rollers,  by  help  of  a  rope  and  windlass. 
-  In  the  wooden  mill,  1  is  the  mill  house,  which  is  turned  about 
to  the  wind  by  a  man,  by  help  of  the  lever,  or  beam  2.  3  is  a 
roller  to  hoist  up  the  steps  4. 

Concerning  the  position  and  force  of  the  sails,  see  Ex.  21, 
before. 

Example  LXXVIII.  (F^.  1.  P(.  XLVH.) 

AB  a  force  pump.  C  the  piston  fixed  to  the  rod  EC,  move- 
able  about  E.  DF  the  handle  moveable  about  D.  a,  d  two 
clacks  or  valves  opening  upwards.  The  piston  C  must  move  . 
freely  up  and  down  in  the  barrel,  and  exacdv  fill  it,  that  no  air 
get  in.  Tis  made  dose  by  circular  pieces  of  leather,  cut  to  fit 
die  barrel,  and  screwed  close  between  pieces  of  brass.  Hi  is  pump 
Acts  by  pressing  down ;  for  when  the  handle  F  is  raised,  it  raises 
the  fMston  EC,  and  the  water  rises  fimn  H,  opens  the  valve  d*, 
and  goes  into  ,the  barrel,  at  the  same  time  the  valve  a  shuts. 
But  when  F  is  put  down,  the  piston  C  pressing  upon  the  water, 
shuts  the  valve  d,  and  opens  a,  and  forces  the  >vater,  that  has  been 
raised,  through  the  pipe  BG.  Ibe  piston  C  must  not  be  above 
thirty  feet  from  the  water  in  the  well. 

LM  {Fig.  2.  FL  XLVII.)  is  another  force  pttmpf  or  a  lifting 
pump.  N  the  bucket,  a,  b,  c  valves,  opening  upward.  This 
piimp  is  close  at  the  top  S,  aiid  the  small  tod  of  iron  plays 
through  a  hole  made  tight  with  leather.  This  pump  acts  by 
forcing  upwards;  for  when  tlie  handle  P  is  put  down^  it  hfb  up 
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^e  bucket  N,  i\te  pressure  shuts  the  ysdve  6/ opens  c,  and  forces^ 
the  water  in  the  barrel.  NS  along  the  pipe  QR.  At  the  same  time 
the  valve  a  opens^  and  lets  in  more  water  from  M  into  the  barrel. 
And  when  F  is  raised,  N  descends,  the  valves  a,  c  shut,  and  b 
opcn^  and  let^  more  water  pass  into  the  bucket  N,  through  the 
upper  part.  And- when  the  bucket  N  is  drawn  up  again,  the 
vnter  is  Ibsbed  along  the  pipe  QR  as  before.  Thin  pump  is  the 
same  as  a  Ufting  pump,  only  .there  is  added  the  valve  c,  which 
is  not  absolutely  necessary.  No  hole  or  leak  must  be  suffered 
below  the  piston  or  bucket;  for  air  will  get  in,  and  spoil  the 
wori^ing  o£  the  pump.  And  the  bucket  must  always  be  within 
thidy  ieet  of  the  water. 

In  these  pumps,  the  bore  at  H  or  M,  through  which  the  water 
ifises,  should  not  be  too'  strait;  the.  wider  it  is,  thie  faster  the 
water  ascends. .  Nor  should  the  pipe  BG  or  QR,  that  dischargee 
the  water,  be  too  strait ;  £br  then  the  pump  will  work  slower^ 
and  discharge  leis.  water  in  a  minute,  or  require  more  force  to 
work  it. .  •  For  the  calci;dation  x>l»  pump,  see  Ex.  22. 
V  There  are  several  iorts  of  valvet  used  in  pump  work,  as  T,  V, 
W ;  that  at  X,  being  made  of  two  pieces  of  flat  leather,  is  called  a 
dock.  These  at  V,  W  are  made  conical,  or  of  any  indented 
figure,  and  fit  exaictly.into  a.  hole  of  the  same  shape.  At  the 
bottom  of  the  vsdife  is  put  a  pin  .across  it^  to  hinder  its  flying  quite 
out  of  the  hole. 

Example  LXXIX.   (Fig.  3.  PL  XLVII.) 

AB  a  hydrometer,  to  measure  the  densities  of  liquors,  especially 
spirituous  liquors. '  7Ti|s  is  a  hollow  bail  of  glass,  B,  partly  filled 
with  quicksilver  c»:  shot;  and  hermetically  sealed  at  the  top  A, 
when  made  of  a  due  weight,,  by  trials.  The  v  small  tube  AB  is 
divided  into  equal  part^  .and  graduated  at  equal  distances.  And 
these  divisions  ftoted  to  which  it. sinks  in  .diJBferent. fluids  of  the 
btet  sorts;  which  points  -mqst  be  iaken  as  standards  to  compare 
ethers  with.  .Then,  i£  the  hydrometer  be  •  immerged  in  ^ny  fluid, 
and  the  point  to  which  it  sinks  in  ihe  surfisice  be  marked,  it  shews 
the  density  of  it,  and  its  goodness.  For  it  sinks  deepest  in  the 
lightest  liquor, /and  the  lightest  liquids  are  the  best, 

.    Example  LXXX.  (%.  4.  P/.  XLVII.) 

•  AB  is  a  thermomeUr,  to  measure  the  degrees  of  heat.  B  is  a 
glass  ball  with  a  long  neck  AB^  The  ball  and  part  of  the  neck  is 
filled  with  spirit  of  wiiie,: tinged  red  with  cochmeal,  and  the  end 
A  is  sealed  nermetically ;  in  the  doing  of  which,  the  end  <^  the 
tube  A,  the  spirit  and  included  air,  are  heated,  which  rarifies  the 
ail'  and  spirit;  so  that  when  the  end  A  is  sealed,  and  the  tube 
opols,  the  spirit  contracts,  and  there  is  a  vacuum  made  in  t)ie  top 
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«f|hetiibe;  and,  tiieielOTe,  the  gpirU  emnding  and  contracting 
by.  heal  find  coid,  has  liberty  to  liie  ana  frll  in  the  tube.  Thin 
ball  and  tube,  ia  enclosed  in  a  fiame,  which  is  divided  into 
degxeee.  Tbcm,  as  the  top  of  the  spirit  rises  or  falls,  the  divisions 
will  shew  the  degrees  of  heat  or  cold.  These  divisions  are 
ad»tcary,  and,  the»fiiie»  two  thermometers  will  not  go  together, 
or  shew  the  aame  degrees  of  heat  and  cold ;  except  they  be 
made  te  do  ao  Imt  graidnatang  them  both  alike  by  observation. 
This  is  eommonfy  put  in  the  same  case  with  the  barometer 
(jKj.  4,  P/.  26). 

Ijhere  are  other  sorts  of  thermometero.  CD  is  a  ball  with 
a  long  neck  opeA  at  the  end  D,  partly  filled  with  tinged  spirit 
of  wine,  smd  pu^  with  the  open  end  into  the  vessel  D,  near  the 
boitom  ;  ^rliich  vessel  is  halt  full,  or  mote,  of  the  same  s|Hrit« 
llie  lop  of  the  tube  G£  is  air.  3o  in  wann  weather,  when  the 
a^  in  C  is  ^rified  by  heat,  it  presses  the  spirit  down  into  the 
bucket  D,  and  as  the  point  £  descends,  the  divisions  being 
marked,  shew  the  degree  of  heat ;  or,  when  it  ascends,  the  de- 
grees of  cold.  Bat  thissoitis  afllbcted  with  the  pressure  of  the 
aUaasph^e,  and  therefore  is  not  so  true. 

Example  LXXXI.  {Fi^.  1,  PL  XLVIU.) 

PA  is  an  arfificial  fountaau  A£  a  strong  dose  vessel  of  me* 
tal,  A3  a  pipe  reaching  near  the  bottom  of  the  vcssd,  and  sol- 
dered. <dose  at  A,  F,  A  two  cocks.  If  the  cocks  be  opened  and 
^^at^  poi;Mr«d  in  at  A,  till  the  vessel  be  about  half  full,  then 
Slop  the  cock  ^ ;  and,  with  a  syringe,  inject  the  air  at  A,  till  it 
b^  sufficiency  condensed  within  the  vessel.  Then  stop  the  cock 
at  A,  and  lake  away  the  fringe.  Then,  as  soon  as  you  open 
the  cock  at  A,  the  compression  of  the  air  at  C  will  force  the 
Wal^F  up  the.  tube.  BA,  and  spout  up  to  the  height  D;  and  a 
little  .ball  of  cork  may  be  kepi  suspended  at  the  top  of  the 
stream  D...  '     . 

But  an  artificial  fountain  is  most  easily  made  thus :  take  a 
strong  bottle  G,  and  fill  it.half  fiiU  of  water.  Cork  it  well, 
and  throngh  the  code,  put  a  tube  HI  very  close,  to  reach  near 
the  bottom  of  the  yesset.*  Then  blow  strongly  in  at  H,  till  the 
air  in  the  bottle  be  condensed ;  then  the  water  will  spout  out  at 
H  to  a  great  height. 

Any  of  these  fountains  placed  in  the  sun-shine,  will  shew  all 
the  colours  of  the  rainbow ;  a  black  cloth  being  placed  behind. 

Example  LXXXII.  [Tig,  2.  Fl  XLVIII.) 
CpD  is  Archimede^s  toater  screw.    This  is  a  cylinder  turning 
upon  the  axis  CD»    About  this  4^1inder  there  is  twisted  a  pipe, 
or  rather  several  pipes  i«o,P9,  running  spiral  ways. from  end  to 
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end.  This  cylinder  is  placed  higher  at  oiie  end  D,  than  at  the 
other.  And  its  use  is  to  screw  up  the  water  from  the  lower  end 
to  the  higher.  A  B  is  a  river  running  in  direction  AB.  0,1,0,4 
several  floats  fixed  to  the  cylinder.  EF  the  surface  of  the  water. 
Since  the  cylinder  stands  in  an  inclined  position,  the  upper  floats 
a,  b  are  set  out  of  the  water,  and  the  under  ones  c,  d  within  it. 
So  that  the  water  ftcts  only  upon  the  under  ones  c,  d;  and  turns 
about  the  cylinder  in  the  order  a,  b,  c,  d.  By  this  motion  the 
water  taken  into  the  spiral  tubes  at  the  low  end,  is,  by  the 
revolution  of  the  cylinder,  conveyed  through  these  pipes,  and 
discharged  at  the  top  into  the  vessel  G.  If  AB  is  a  standing 
water,  tiiere  is  no  occasion  for  the  floats  abed.  And  then  the 
cylinder  is  to  be  turned  by  the  handle  at  D.  Instead  of  the 
pipe,  a  spiral  channel  may  be  cut  round  the  cylindler,  and  co- 
vered close  with  plates  of  lead.  Hie  closer  these  spiral  tubes  are, 
the  more  water  is  raised,  but  it  requires  more  force.  Also  the  more 
the  cylinder  leans,  the  more  water  it  carries,  but  to  a  less  height 

Example  LXXXIII.  {Fig,  3.  PL  XLVIII.) 

AL  is  a  rolling  press,  for  copper-plate  printing.  DE,  FG, 
two  wooden  rollers,  of  about  12  or  16  inches  diameter,  run- 
ning upon  the  ends  of  two  strong  iron  axles,  that  go  quite 
through  them,  and  are  fixed  in  them.  To  the  axis  of  the  up- 
per one  DE,  is  fixed  the  handle  BAG.  These  rollers  runrin 
orass  sockets,  and  must  run  very  true  upon  their  axles,  and 
may  be  brought  nearer,  or  set  further  from  one  another,  by 
wedges,  in  the  frame  at  P,  R.  HIK  is  a  flat  table  or  plank, 
going  in  between  the  rollers,  and  sliding  freely  upon  the  frame. 
LM  the  frame.  NO  a  shelf  to  lay  the  paper  upon.  When 
the  press  is  used,  the  upper  roller  is  folded  round  with  flannel, 
that  every  part  of  the  print  may  take  an  equal  impression ;  and 
a  paper  bottom,  spread  upon  the  table  .HIK,  where  the  plate  is 
to  lie,  to  prevent  the  indenting  of  the  plank ;  then,  warming 
the  plate  well  over  a  charcoal  fire,  and  rubbing  it  with  the  sort 
of  ink  proper  for  it,  and  laying  it  upon  the  paper  bottom,  on  the 
table  at  H,  take  the  printing  paper,  and  laying  it  carefully  upon 
the  plate,  and  turning  the  handle  GAB,  the  motion  of  die 
roller  DE  turns  the  roller  FG,  and  draws  the  table  through 
between  the  rollers,  together  with  the  plate  and  paper ;  and  the 
paper  Is  printed. 

Note,  tne  paper  must  be  thoroughly  wetted  in  a  trough ;  and 
after  it  has  laid  about  a  day  or  two,  it  is  then  to  be  passed 
through  a  screw  press,  to  squeeze  the  water  out,  and  then  it  is" 
fit  for  printing. 

The  ink  made  use  of  for  printing  copper-plates,  is  made  of 
the  stones  of  peaches  and  apricots,  the  bones  of  Cheeps'  feet 
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and  ircfty,  all  burnt;  this  is  called  Framfart  black.  Ibis 
mast  be  well  ground  with  nut  oil,  that  has  been  well  boiled ;  and 
then  it  u  fit  for  use.  Bat  the  best  ink  is  said  to  be  brought 
inmHollaiuL 

Example  LXXXIV.  {Fig.  1.  PL  XUX.) 

The  fire  engine  to  raise  water.  LL  is  a  great  beam  or  lever, 
aboat  24  fleet  long,  2  feet  deep  at  least,  and  near  2  feet  broad. 
It  lies  through  the  end  wall  W  of  the  engine  house,  and 
moves  round  the  centre  a,  upon  an  iron  axis.  CC  a  hollow  ry^ 
Under  of  iron,  40  inches  diameter,  or  more,  and  8  or  9  feet 
long ;  P  the  piston  sustained  by  the  chain  LP.  F  the  fire-fUxe 
under  ground;  6B  the  hoUer^  12  feet  diameter,  which  commu- 
nicates with  the  cylinder,  by  the  hole  2,  and  throat  pipe  £, 
6  or  8  inches  diameter..  'Ihe  boiler  is  of  iron,  and  covered 
over  close  with  lead:  in  this,  the  water  is  boiled  to  raise  a 
steam.  4,  5  is  the  reguliUory  being  a  plate  within  the  boiler, 
which  opens  and. shuts  the  hole  of  communication  2 ;  this  is  fixed 
on  the  axis  3,  4  coming  through  the  boiler,  on  which  axis  is  fixed 
the  horizontal  piece  A3,  called  the  spanner;  so  that  moving  h 
back  and  forward,  moves  the  plate  4,  5  over  the  hole  2,  and 
back  again.  A/  is  a  horizontal  rod  of  iron,  moveable  about  the 
joint  A.  jyedl  a  piece  of  iron,  with  several  claws,  called  the 
wyey  moving  about  the  axis  de^  in  a  fixed  frame.  The  claw  tl 
is  cloven  at  /;  and  between  the  two  parts,  passes,  the  end  of  A^ 
with  two  knobs  to  keep  it  in  its  place.  AA  is  the  working  beamy 
in  which  is  a  slit,  through  which  the  claws  xy  pass,  and  are  kept 
there  by  the  pin  q  going  between  them.  DDD  is  a  leaden  pipe, 
called  the  in^ctionpipey  carrying  cold  water  from  the  dstem  S, 
into  the  cylinder  C(J,  and  is  turned  up  at  the  end  within  the  cy- 
linder, f  the  injection  cock,  to  which  is  fixed  the  iron  rod  j^, 
lying  horizontal.  The  end  g  goes  through  a  slit,  in  the  end  of  the 
piece  rgy  and  on  the  end  is  a  knob  screwed  on,  to  keep  it  in. 
pcbrg  a  piece  of  iron  with  several  claws  called  the  eff",  moveable 
about  the :  axis  be.  The  claw  rp  goes  through  the  slit  in  the 
beam  AA,  and  is  kept  there  by  the  two  pins  o,  n :  the  claw  rg 
goes  over  the  piece  gf^  as  the  piece  gf  is  moved  back  and  for- 
wsurd,  the  injection  cockf  opens  and  shuts.  1, 1,  &c.  are  several 
holes  in  the  beam  A  A,  that,  by  shifting  the  pins,  serve  to  set 
Ae  pieces  p,  Xy  y,  higher  or  lower,  as  occasion .  requires.  N  is 
the  sniffing  dadc,  balanced  by  a  weight,  and  opening  outwards, 
to  let  out  Sie  air  in  the  cylinder,  at  the  descent  of  the  piston.  In 
some  engines  a  pipe  goes  firom  it  to  convey  the  steam  out  of  the 
house.  G  is  a  leaden  pipe^  called  the  stnking  pipe,  or  eduction 
pipey  going  from  the  cylinder  to  the  hot  toell  H ;  it  is  turned  up 
at  the  end,  and  has  a  vsdve  opening  upwards ;  this  carries  away 
the-  vrater  thrown  in  by  the  cold  water  pipe,  or  injection  pipe. 
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t  is  the- feeding  pipe,  goin^f  finm  tiie  hot  well  to  tib^  boiler^ta 
supply  it  with  water,  by  a  cock  opening  at  pleasure.  i,i  are  two 
^A^tf  jfipes,  ciritih  cocks,  one  reaching  a  little  under  the  surface  cf 
the  water  in  the  boiler,  the  other  a  little  short  of  it.  By  opeifr^ 
ing  these  cocks,  it  is  known  when  there  is  water  enough  in 
the  boiler ;  for  one  cock  will  give  steam,  and  the  other  water ; 
they  stand  in  a  plate^  which  may  be  opened,  in  a  man  to  ffo 
into  the  boiler,  to  dean  of  mend  it.  m  is  the  puppet,  dack^ 
from  this  a  wire .  comes  through  a  small  hole,  to  whidh  is 
^ed  a  thread  going  over  a  pulley,  with  a  small  weight  at  it ; 
the  weight  on  the  clack  m.  is  about  a  pound  for  every  squara 
inch.  YZ  the  steanLpipe  going  from,  the  clack,  ont  of  the  house. 
When  the  steam  in  the  h^iler  is  too  strong,  it  lifts  up  the  piqp-* 
ptt  dapk  »,  and  goes  into  the  steaip  pipe  YZ,  by  which  it  is 
conveyed  away ;  'Otherwise  the  boiler  would  burst  KK'&l  pipe 
carrying  water  from  die  cistern  S,'into  the  cylinder,  to. cover 
the  piston  to  a  good  depth.  I  a  cock  ^opening  to  any  wideness, 
tiiat  the  water  may  run  in.  a  due  quantity;  M  a  hole  to 
let  it  out,  through  a  pipej  into  the  hot-well  H,  when  there 
is  too  much.  VVV.  a  force  punrn,  with  a  bucket,  and  dack, 
and  two  «valTea  opening  '  upwards.  .  This  pump  is  close,  at 
the  top  R,  and  being  wrooght  by  the'  lever  LL,  it  brings 
water  out  oi  a  pit,  into  the  dstem  S*  Q  the  pit  where  water 
is  to  be  raised..  X,  X,  the  speart  which  work  in  wooden  pupups 
^thin  the  pit.  The  eylii^er  is  supported  by  strong  beams,  as 
7y  8,  going  throng  the  engine  house ;  6,  6  is  the  first  floor ; 
7,  7  the  upper  floor.  At  O,  in  the  end  of  the  beam  LL,  .there 
9Lre  two  pins«  which  strike  against  two  springs  of  wood,  fixed 
to  two  timbers,  lying  on  each  side  the  greater  lever  LL ;  these 
oios  serve  to  stop  ti^e  beam,  and  hinder  the  piston  coming  too 
low  in  the  cylinder. 

When  the  engine  is  to  be  set  to  work,  the  water  in  ihe 
boiler  must  be  miide  to  boil  &o  long,  till  the  steam  is  strong 
enough;  whidi  is  known  by  opening  the  cocks  t,  t.  Then^  the 
hole  2  is  opened,  by  moving  the  spanner  /id  by  bamd ;  then  the 
Steam  is  let  into  the  cyijnder,  which  lets  that  end  of  the 
beam  LCrise  up;  this/raises  the  working  beam  A A^. moires 
the  eff*  prgj  which  moves  gf,  and  opens  the  cold  water  cock  fi 
at  the  same  time  is  moved  the  wye  xtfl^  which  draws  A,  and 
shuts  the  hole  2.  The  cock  ^^  being  mpen,  the  cold  water  rushing 
into  the  cylinder,  is  thrown  up  agftinst  the  piston,  and  de- 
scending in  small  drops,  condenses  the  hot  ranfied  steam,  and 
makes  a  vacuum  under  the  piston.  Consequently,  the  weight 
of' the  Atmosphere,  pressing  upon  die  piston,  brings  down  the 
end  LC,  which  raises  the  other  end  LQ,  which  works  the 
numps  X,  X.  As  the  end  1X3  'descends,  the  working  plug  AA 
dsscends^and  moyin^  the  eff,  prgf^  and  the  wye,  aiyuh^  shuts 
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Ha  cM.  water  ooek  /,  wd'oiMiis  the  hole  2,  and  llie  stamn 
gote  ioto  tibe  cshndiKy  whicb  takes  off  the  pressure  of  the  at* 
HMsphere ;  and  the  end  LQ  descends  hy  the  #eigbt  of  the 
spears  X,  X ; '  and  the  end  LC  asotods  as  before,  ^hioh  opens^ 
sdid  shuts  2:  Soy  bjr  the  motion  of  the  beam  AA  up  and  down, 
tiie  cock  ^f,  and  hole  2,  shut  and  open  alternately:  and  by  this 
means  of  condensing  asd  rarifying  the  steam  by  turns,  within 
the  cylinder,  theley^  or  beam  LL  constantly  moves  up  and 


down ;  by  which  motion,  the  water  is  drawn  up  by  the  pumps, 
smd  ddivcred  into  troughs  within  the  pit,  and  carried  away  by 
drifts  or  levels.    At :  the  same  time,  the  motion  of  the  beam  LL 


wbdcs  the  pump  VAV,  aiid  raises  water  into  the  cistern  S. 
*  When  the  engine  is  lo  cease  working,  the  pins  n,  o  are  taken 
out,  and  the  cold  water  cock  b  kept  close  shut,  while  the  end. 
10  is  up. 

.  Hie  oiameter  of  the  punuM  within  the  pit,  is  about  8  or  9 
inches;  and'  the  bores  of  the  'pomps  where  the  spears  X,  X, 
work,  should  be  made  wide  taJt  the  top ;  for  if  they  be  strait, 
more  time  is  required  to  make  a  stroke,  and  the  barrels  are  in 
danger  of  bursting.  Likewise,  if  w&ter  is  to  be  raised  from  a 
great,  depth  at  one  lift^  the  pumps-  will  be  in  danger  of  bunt- 
ing; therefore  ii  is  better  to  maae  It  or  3  lifts,  pla^g  cisterns 
to  reoeiv^  the  water. 

31ie'spears  or  rods,  that  w(»k  in&e  pumps,  consisting  of  several 
lengths,  are  joined  thus :  each  piece  has  a  stud  ^Fig,  i,FL  LVIII) 
and  a  hole  h;  which  are  made  to  fit ;  and  the  studs:af  one  being 
put  close  into  the  holes  of  the  other,  and  the  iron  collar  g 
drove  upon  them  to  the  middle  d,  they  are  firmly  fixed  together. 

There  is  never  made  a  perfect  vacuum  in  the^qdinder;  for 
as  soon  as  the  elastic  force  of  the  steam  within  is  sufficiently 
diminished,  the  piston  begins  to  descend,  the  vacuum  is  such, 
that  about  8  lb.  presses  upon  every  square  inch  of  the  piston, 
or,  in  some  engines,  not  above  6  lb. _.  This  engine  will  make 
13  or  14  strokes  in  a  minute,  and- makes  a  6  foot  stroke ;  but 
the  larger  the  boiler  is,  the  fester  she  will  work.  A  cubic  inch 
of  water  in  this  engine  will  make  13340  cubic  inches  of  steam; 
which,  therefore,  is  15  times  rarer  than  common  air.  But  its 
elastic  .force  wij^lun  the  boiler  is  neve? i^r  stronger  or  weake^, 
than  common  air ;  if  stronger,  it  would  force  the  water  out  of 
the  feeding  pipe.  . 

This  engine  will  deliver  3P0  hogsheads  of  water  in  an  hour^ 
to  the  height  of  60  fethom,  and  consuines  about  30  bushels  of 
coals  in  12  hours. 

In  some  engines  there  is  a  different  contrivance  to  open  and 
shut  the  regulator,  which  is  performed  thus:  {Fig.  1.  PL  LIX.).  as 
the  beam  QQ  ascends,  it  raises  G5,  turns  the  wy^  5GCEl)4  about 
the  axis  Afi ;  and  the  weight  C  falling  towards  B,  the  end  E  strikes 
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a  tmart  blow  on  the  pin  L,  anddnves'the  fork  FL  towards  L; 
which  draws  the  spanner  PO  towards  L,  and  shuts  the  r^ula- 
tor.  And  when  the  beam  QQ  descends,  a  pin  in  it  puts  down 
the  end  4*,  and  turns  the  axis  AB,  and  the  weight  C  descendiiiff 
towards  5,  throws  the  end  D  of  the  wye  against  L,  whiota 
moves  PO,  and  opens  the  regulator:  the  spanner  PO  sliding 
upon  the  horizontal  piece  O.  There  is  a  cora  rony  fixed  at  r,  fi, 
and  the  top  of  the  wye  O,  to  hinder  it  fronf  going  too  far  on  eadi 
side.. 

Likewise,  for  opening  and  shuttingthe  injection  cock;  instead 
ofthe  pieces  rg,^/* of  the  eff  {Fig,  i^PL  aLIX.)  some  engines 
have  quadrants  of  2  wheels  H,  I,  {Fig.  1.  PL  LIX.)  with  teeth, 
which  moving  one  the  other,  opens  or  shuts  the  cock  f,  of  the 
injection  pipe  K. 

In  some  engines  there  is  a  catch,  held  by  a  chain  fixed  to  the 
great  beam;  arid  this  catch  holds  the  eff  fix>m  felling  back, 
and  opening  the  cold  water  cock ;  till  the  rising  of  the  beam 
pulls  the  catch  up  by  the'chain,  and  then  the  eff  falls. 

A  calculation  of  the  cyUnder  and  pumps  of  the  fire  engine. 

If  it  be  required  to  make  an  engine  to  draw  any  given  num- 
ber of  hogsheads  of  water  in  an  hour,  from  /  &thom  deep,  to 
make  any  number  of  strokes  in  a  minute,  by  a  6  foot  stroke ; 
find  the  ale  gallons  to  be  drawn  at  1  stroke,  which  is  easily 
found  fi'om  die  dumber  of  strokes  being  given. 

Letg  =:  number  of  ale  gallons  to  be  drawn  at  1  stroke, 
p  zz  pump*s  mameter.        >    •     •    i. 
c  =  ^/i4r'.  diameter.    J   «*  "^*^- 
Then  pzz^/sg. 

And  supposing  the  pressure  of  the  atmosphere  on  an  inch  of 
the  piston,  to  be  7  lb. 

^                     2.614/*           ,  \3.07 fg 
Then  czzp  ^ — —  =  i/ ^ 

Note,  if,  instead  of  7,  you  suppose  the  pressure  of  the  atmosphere 
to  be  /  pounds;   and  instead  of  a  6   foot  stroke    to  make  an 

r  feet  stroke;  tbenp^i^  ^  x 5g, and c  =  ^/Hl?!^. 
t  I 

Example  LXXXV.  {Fig.  1.  PI.L.) 
AB  is  the  water  engine  to  quench  fire.  D,  £  are  two  pwa^ 
5  inches  diameter,  having  each  a  clack  a,  b  opening  upwards. 
CO  a  large  copper  air  vessel  9  inches  diameter.  This  vessel 
stands  upon  a  strong  plate  kw,  5  oi  6  inches  above  the  bottom 
of  the  chest  NM.  S Y  is  a  brass  pipe  coming  through  the  end 
of  the  chest  at  S ;  and  at  Y  it  divides  into  two  cavities  going 
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under  the  cof»per  pot  CO,  to  the  two  pumps  £,  D.  The  cavity 
YW  leads  to  the  pump  £.  And  airectly  above  this  cavity 
at  Wy  there  is  another  cavity  y,  communicating  with  the  ]>ump  E. 
And  above  the  cavity  y^  is  placed  the  valve  r,  opening  up- 
wards into  the  copper  pot  CO,  from  this  cavity.  There  are 
the  like  cavities  belonging  to  the  pump  D;  the  first  going  to 
the  valve  a;  the  other  from  the  pump  to  the  valve  f  of  the 
copper  pot.  These  cavities  are  made  of  hollow  pieces  of  brass 
screwed  £ist  together.  Z  is  a  cock,  through  which  are  two 
passages,  one  along  the  pipe  SY,  and  another  at  the  side  of  the 
|fipe  into  the  chest  NM.    This  cock,  by  turning  the  handle  ct^ 

ra  one  passage  and  shuts  the  other,  as  tliere  is  occasion, 
a  leatfier  pipe  to  be  screwed  on  the  end  S,  to  draw  water 
out  of  a  well  or  nver.   . 

'  PR  is  the  condxad  p^  reaching  near  the  bottom  of  the  vessel 
CO,  and  soldered  dose  into  the  top  of  it.  At  R  and  Q  are 
seiews,  so  that  the  pipe  may  he  turned  in  any  direction  by  the 
man  that  holds  it.  And  at  V  a  copper  pipe  must  be  screwed 
on,  or  else  a  long  leather  one,  whic»,  being  flexible,  is  carried 
into  rooms  and  entries.  HI  an  iron  axis,  to  which  the  iron 
levers  FG,  LK,  are  fixed. .  This  axis  moves  in  sockets  about 
H,  I,  which  are  screwed  hard  down.  FK,  GL  two  wooden 
hauMiles  fixed  to  the  levers  to  work  ^em  by.  gA,  pi.  are  two 
arches  of  iron  fixed  on  the  axis  HL  fd,  mn,  the  shanks  of  the 
pistons,  being  two  strong;  rods  of  iron,  fg^  hty  Iq,  mp  four  iron 
chains  fixed  at  ^  g;  and  hy  t;  and  /,  q  ;  and  at  »t,jD.  At  J 
and  m  are  screws  to  screw  tiie  chains  tight :  these  chains  work 
the  pumps. .  For  when  FK  is  put  down,  the  chain  fg  pulls 
down  the  rod  of  the  piston  fd.  And  when  FK  is  raised,'  the 
ishain  th  pulls  it  up  again.  And  the  same  way  the  chains  Iq^ 
nip  raise  and  depress  the  piston  mn.  In  some  engines  there 
are  two  arches,  like  hgy  /p,  filled  near  the  end  I  of  the  axis, 
and  chains  at.  them;  fi'om  the  ends  of  .which,  as  also  from  t 
and  g,  two  boards  are  suspended.  These  boards  serve  for  treadles 
for  men  to  stand  upon,  to  help  to  work  the  engine. 

The  vessel  CO  and  two  pumps  are  inclosed  in  a  chest  AN, 
and  the  whole  machine  moveable  on  wheels.  The  fore  aide- 
tree  turning  on  a  bolt  in  ^e  middle,  for.  the  conveniency  of 
turning  to  either  side.  But  there  are  a  great  many  forms  of  tibese 
engines.  In  some,  the  lever  lies  cross  over ;  in  others,  length- 
ways ;  in  some,  there  is  no  chain  work,  but  only  pins  for  the 
pistons  to  move  upon.  / , 

When  the  engine  is  to  play,  if  it  is  by  the  water  in  a  river, 
fcc.  the  pipe  X«  must  be  screwed  on  at  S.  and  the  end  x  put 
into  the  water.  But  if  water  is  to  be  fetched,  it  mtisC  be 
poured  into  the  chest  M,  which  runs  through  the  holes  T,'ii)|o 
the  body  of  the  engine  N.     Then  timing  the  cock  eeZ  to  open 
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the  proper  communication,  the  handles  FK,  GLy  mtist  be 
moved  up  and  down  by  men ;  by  which,  means .  water  is  drawn 
into  the  pumps  £,  D,  and  forced  into  the  vessel  CO,  and  out 
of  the  pipe  PR.  For  tlie  piston  nun  being  raised,  the  water  is 
drawn  along  the  cavity  ZY W,  tbroogh  the  valve  h,  into  the 
pump  £ ;  and  when  mn  is  depressed,  the  valve  b  shuts^  and  the 
vrater  is  forced  into  the  cavity  y,  through  the  valve  r,  and  intb 
the  pot  XO  ;  which  cannot  return  for  ibe  shuttiit^  of  the  valvo 
r,  when  the  piston  mn  rises  again.  And  the  like  for  the  o&er 
pump  D.  Since  the  piston  o£  one  pump  goes  down  whilst  tb^ 
other  goes  up,  the  water  is  forced  by  turns  into  the  vessel  CO, 
by  these  two  pumps;  so  that  there  is  always  water  going int 
And  the  air  confinea  at  top  of  the  vessel-  at  C  being  condensed, 
will  press  the  water  up  the  pipe  PRQV,  and  make  it  flow  v^th 
a  continual  stream.  If  the  water  in  C  be  compressed  into  half 
the  apace,  it  Will  force  the  water  to  80  foet  higkj 
'  In  some  engines,  there  isanotherpipe,asPR,condng  througii 
the  coppet  pot,  and  througb  the  side  of  the-  engine,  and  thest 
two  pipes  may  play  both,  at  once,  if  there  is  occasion.  And  if 
not^  the  end  of  one  is  screwed  up.  • 

Example  LXJqCVI.  (JPi^.  1, '  P/.  LI.)  .     , . ; 

A  ship.  This  is  the  noblest  machine  that  ever  was  invebtedl 
It  is- so  compounded,  and  consists  of  so  many  parts^  that  it  wottl4 
require  a  "vdiole  volume  to  describe  it.  Sbme  of  the  principal 
parts  are  these. 

A  the  hull.  V  stays. 

B  the  bow.  Vv  main-«tay,  &c. 

C  the  forecastle.  W  shrouds. 

D  the  main  deck.  X  main-top-mast btick-^tay&ei 

£  the  stem.  Y  the  crane-line. 

F  the  ancient  staff  and  ensign.    Z  the    anchor,  to  which  the- 

G  the  poop-lanterfl.  cable  is  fixed. 

H  the  rudder. 

I  the  bowsprit.  1.  Main-lifts. 

K  the  fore-mast.  2.  Fore-braces. 

L  the  main-mast.  3.  Main^^opHiail-sheets. 

M  the  mizen-mast.  4.  The  fore-tacks. 

N  top-masts.  5.  Fore-top-sail-clew-line^. 

O  ton-gallant  masts.  6.  Main-top-sail-leetch-tines.  ' 

P  sails.  7.  Fore-bunt-lines.  ' 

Q  yards.  8.  Mizen-bow-Hues. 

R I  vanes.  9.  Main-top-sail-halliards. 

S  the  jack.  And  the  like  for  the  rest 

T  the  pendant  Of  the  sails. 

Most  of  these-  ropes-  are  for  hoisting  the  sails,  and  setting 
them  iti  a  proper  position  to  the  wind.    For  the  witid  always 
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acts  peipendipolarly  upon  the  plane  of  uy  Mfl,  and  urges  the 
dup  in  direction  ol  that  perpendicular.  And  by  the  help  of 
the  rodder  H,  alie  is  made  to  £eep  an^  direction  required.  For 
if  Ae  rudder  be  put  about  to  any  side,  the  water  (a»  the  ship 
oMrres  along)  will  act  violendy  against  it,  and  drive  the  stem 
the  eontiaiy  ^y^  <^  her  head  the  same  way,  as  the  rudder.  A 
ship  with  a  fabt  brisk  wind  will  sail  8  or  10  miles  an  hour. 

That  any  one  sail  may  haye.the  greatest  fotte  to  move  a  ship 
ftiiwjudy  it  must  be  so.  plaoed.  between  the  point  of  the  wina 
and  the  ship's  wiqr,  that  the  i{mgmt>Q(  the  angle  it  makes  with 
die  wind,  may  be;  twioe  the  fei^pBfi^  of  the  angl6  it  makes.trith 
the  sfaqi's  way.. 

When  th^  rudder  is  aet.to.an  angle  of  54^  degrees  with  the 
keel,  it  has  the  greatest  force  to  turn  the  ship»  and  make  bar 
answer  ihohdm. 

.  Because  the  figure  ofja  ihip  i»  the  causfr  of  her  going  well  or  ill^ 
and  ofi  making  more  or.  less  way  through  the.  water ;  I  shall 
here  give  the  construction  of  the  fore  part  of  a  vessel,  that  wiM 
move  through  the  water  with  die  least  poasiUe- resistance. 

Let  Dtf AcC  (Fig.  li  ^L  LW.)  be'die  wafer  Hfiey  or  horizontal 
section  gl  the  water  and  the  hull  of  a  ^p»  AB  30  feet,  CD  the 
gvea^Bill  beeaddi  20  fcet^>BC  10  ia&A.  AcE  the  stem  and  past 
Sf .the  kesL  Then  the  foUowing.  table  shorn*  the>  lengdi  of  every 
<mlinate,  as  be,  taken  at  the  distance  Ab,  or  1,  2^.  3^  &o.  fees 
from  A ;  by  ivfaich  the  oueks  AcC.  is  determined. 


Length  oir 

LebgAar- 

length  of 

limtfthof 

ABlsftM. 

bclDfMt. 

AB  in  feet 

6eibMtl 

1 

0.90 

18 

'     6  36     : 

2 

1.48 

17 

6.64 

3 

1.96 

:  18 

6.S2 

4 

2.3» 

19 

7.19 

5 

2.79 

20 

7.46 

a 

3.17 

21 

;    7.T3 

7 

3.54 

22! 

»    7.99 

8 

3.89 

.23 

1   .8.25 

9 

:    4.22 

24 

.    8.51 

10 

I    4.35 

1       25 

I    8.76 

'       11 

4.87    i 

26 

.9:01 

'       12 

5.18 

'       27. 

'    9.26 

-       13 

5.48 

28 

/   ^.511 

14 

5.78 

r  .  -ai^ 

J   .9J76 

15 

.    6.07 

,       30 

10.00  ( 
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The  jfrdciice  is  thus :  having  made  AB=30  feet,  and,  accord* 
ingly,  divided  it  into  30  equal  parts ;  at  the  several  points  of 
division,  erect  perpendiculars  to  AB,equal  to  the  lengths  given  in 
the  second  column  of  the  table.  The  curve  AcC  drawn  throueh 
the  ends  of  all  the  ordinates,  is  the  figure  of  the  ship  on  each  siite. 

The  curve  Ae£,  which  the  stem  and  keel  make,  muse  be  the 
same  curve  as  AcC ;  if  the  depth  BE  is  supposed  equal  to  BC, 
and  the  ordinates  be,  BE  must  all  be  drawn  perpendicular  to  AB. 
But  if  the  depth  BE  be  taken  greater  or  less  than  BC,  then  the 
ordinates  must  be  taken  greater  or  less  in  proportion. 

Again,  if  ODE  be  the  section  of  the  ship,  made  perpendicular 
to  the  axis  AB,  or  horizontal  plane  CAD,  and  cedhe  any  other 
section  parallel  to  it;  then,  whatever  the  ciirve  CED  is,  all  the 
sections  ced  must  be  similar  to  it. 

If  a  ship  is  required  to  be  built  either  greater  or  less  than  this, 
then  it  is  only  taking  a  greater  of  less  length,  instead  of  a  foot, 
and  dividing  it  decimally,  and  using  it,  instead  of  a  foot,  to  mear 
sure  off  the  lengths,  as  in  the  table. 

Likewise,  if  it  was  required  to  have  the  breadth  to  be  greater 
or  less  than  is  here  assigned,  whilst  the  length  remains  the  same, 
tiien  it  is  only  taking  a  proportionally  greater  or  less  line,  instead 
of  a  foot,  and  setting  on  the  ordinates  be  by  that.  And  thus  the 
requisites  may  be  altered  at  pleasure,  still  retaining  the  general 
construction.. 

If  any  ship  carpenter  thinks  fit  to  build  a  ship  according  to 
this  model,  it  will  be  found  to  move  faster  through  the  water, 
than  any  odier  ship  of  the  same  length,  breadth,  and  depth, 
and  of  a  ditferent  form.  The  form  of  the  curve  is  truly  repre- 
sented by  the  curve  AcC. 

But  it  must  be  observed,  that  the  curve  at  C,  the  broadest 
part,  is  not  perpendicular  to  the  ordinate  BC,  but  makes  an 
angle  of  about  76  degrees :  to  avoid  this,  it  will  be  proper  to 
produce  AB  a  little  forther,  and  turn,  the  side  AC,  at  C,  round 
in  a  curve,  as  quick  as  possible.  Or  else  make  the  2  or  3  last 
perpendicular  ordinates,  something  less  than  in  the  table,  that 
me  part  of  the  curve  at  C  may  be  in  a  parallelism  with  AB,  as  it 
ought ;  because  C  is  the  broadest  part. 

But  though  the  form  here  given  is  the  most  proper  for  sail- 
ing fast ;  yet,  perhaps,  it  may  not  be  so  commodious  as  the  com- 
mon form,  upon  other  accounts,  as  for  the  stowage  of  goods, 
&c.  Yet  privateers  and  ships  of  war  made  to  pursue  the  enemy, 
ought  to  be  built  as  near  this  form  as  they  can  conveniently. 
For  it  is  a  matter  of  great  moment,  either  to  have  it  in  our 
power  to  come  up  widi  a  ship  we  are  able  to  take,  or  else  to 
ny,  and  escape  from  one  of  superior  force. 
That  a  ship  may  steer  well,  the  water  ought  to  come  koAy 
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•ad  directly  to  die  rudder;  and,  therefore,  she  muM  not  be  too 
riioit  from  the  midship  to  the  stern :  and  towards  the  stem  she 
■mst  rise  well,  and  be  built  verr  thin  below,  lessening  gradual!/ 
to  the  stern-post.  Likewise,  she  most  draw  considerably  more 
water  abaft  than  afore.  To  carry  a  good  sail,  and  also  to  avoid 
roUing,  she  must  be  made  pretw  deep  in  the  hold.  As  to 
the  dead  work,  or  upper  part  of  the  diip,  that  may  be  left  to 
fhe  ftincy  of  die  builder,  or  contrived  to  answer  such  conveni- 
ences as  may  be  wanted. 

JExAMPLE  LXXXVn.  (Fig.  1.  PL  LII.) 

AT  an  air  mmp,  C,  D  two  brass  cylinders,  2  or  three  inches 
diameter,  ana  a  foot  high,  having  two  valves  at  the  bottom 
opening  upwards,  t,  t  two  pistons  working  in  the  <^lindersy 
having  two  valves  also  opening  upwards.  I'F  a  handle  going 
Qpoo  the  axis  of  the  wheel  or  lantern  £,  which  wheel,  by  the 
te^h,  moves  die  radcs  G,  G ;  and  by  them  the  pistons,  within 
the  <7litiders  or  pumps.  AB  a*  table  or  plate  supported  by  the 
p^rs  I,  I,  I,  I.  H  the  receiver  of  gkiss,  which,  oy  the  hollow 
pipe  of  brass  nooo,  called  the  swan  s  neck,  communicates  with 
the  cylinders  by  means  of  a  hollow  brass  pipe  PQ,  into 
vdddi  the  swan's  neck  passes,  m  a  mercurial  gage,  being  a 
glass  tube  standing  in  the  bucket  of  mercury  «,  and  comnmni* 
eating  with  the  pipe  no.  K  a  cock  under  the  table  AB  to  let 
in  air  into  the  pipe  no,  and  so  into  tiie  receiver,  when  there  is 
oocamon. 

When  the  air  is  to  be  drawn  out  of  the  receiver  H,  a  wet 
leather  is  placed  over  the  plate,  and  upon  that  the  receiver  H. 
Then  raising  the  right  hana  F,  the  piston  i  of  the  barrel  D  is 
raised,  which  takes  off  the  weight  of  the  atmosphere ;  conse* 
queotfy,  die  air  passes  out  of  the  receiver  H,  through  the  swan's 
neck  Tta,  and  through  the  hollow  brass  PQ,  through  the  valve 
into  the  cylinder  D.  Then  die  right  hand  F  put  down,  the 
valve  at  the  bottom  of  the  cylinder  D  shuts,  and  the  air  passes 
through  the  valve  at  t:  at  die  same  time  that  the  left  hand 
being  raised,  draws  the  air  from  the  receiver,  through  noP, 
through  the  valve  into  the  cylinder  C.  So  that  by  the  motion 
of  the  handle  FF  up  and  down,  the  air  is  at  lengUi  drawn  out 
of  the  receiver  H,  by  die  pumps  C,  D ;  and  the  rarity  of  the 
air  within  the  receiver,  is  known  by  the  height  of  the  mercury 
in-  die  tube  rs,  whidi  is  known  by  the  graduated  frame.  An 
ahabltite  vacuum  can  never  be  perfectly  made.  For  when  the 
spring  of  the  air  is  so  weak,  as  not  to  be  able  to  lift  up.the 
vidves  at  the  bottom  Of  the  cylinders,  no  more  air  can  be  drawn 
out.' 

The  handle  F  {Hg.  1.  P/.  LIII.)  is  lately  made  to  turn  always 
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one  way ;  thus  A  is  a  crank  titaed  by  the  haiidle  F.  THIS  the 
leader  or  sword  going  over  the  pin  I,  in  the  wheel  £.  .  Whilst 
the  crank  A  is  rising,  it  raises  the  side  S  of  the  wheel,  and  when 
the  crank  descends,  it  thmstsidown  the  same  side  S  of  ihe  wheel 
£.  So  -the  racks  are  altexnatdy  raised  and  depressed  as- the  crank 
goes  about. 

There  are  several  sorts  of  glasses  made  use  of  for  the  air 

pump.  ■  As  A  {Fig.  2.  FL  LIII.)  a  receiver  open  at  top,  covered 

.  with  a  brass  plate  and  oiled  leather  at  D,  and  kept  down  by  the 

cross  piece  £F,  ^rewed  down  upon  the  pillars  BC,  which  pillars 

are  screwed  into  the  table  AB  or  the  air  pump. 

H  {Fijg,  3.P/.  UU.)  a  receiver  open  at  top,  with  a  plate  and 
ooUar  of  wet  leathers  K,  through  which  goes  tbe.sli{>  wire  GJ, 
so  tight  as  to  let  no  air  in. .  "Diis  serves  to  lift  any  t^g  up  h(y 
the  hook  I. 

■  MP  is  a  trans^rrer.  N  ia  a  plate  and  leather,  on  which 
stands  the  receiver  M.  NP. a. hollow  tube. going  through  the 
piate.  O  a  cock  to  open'  or  shutthe  passage.  The  cock  O  being 
open,  and'  the  air  'e^aosted  by  the  pump,  and  then  the  cock 
being  shut,  the  receiver  and  pipe  may  be  .taken  away  from  the 
airj>ump,  the  vacuum  remaining  in  M. 

L  a' receiver  close  at  the  top;  with  infinite  others  of  like 
sort. 

Example  iXXXVip.    {Fig.  1.  FL  LIV.) 

Lontbm-hridge  voater^works.  AB  the  axis  of  the  water-wheel 
CD ;  -which  wheel  is  30** feet  diametec,  and  the  axis  3  feet,  and  19 
feet  long.  E,  £  26  floats  l|.foot  broad.  G  a  spuf  wheel  fixed 
to  the  axis  AB,  8  feet  diameter,  44  cogs  of  iron ;  this,  moves 
the  trundle  H  4|  feet  distmeter,  and  2(y  rounds;  HI  its  iron 
axis.  IK  a  quadruple  crank  of  cast  iron  6  inches  sqnare,  each 
crank  being  a  foot  fironi  the  axis.  The  crank  is  fastened  to  the 
axis  at  I,  by  help  of  a  wedge  goings  through  both,  which  causes 
the  crank  to  turn.  L,  L  four  iron  spears  belonging. .  to  tiie 
cranks,  and  fixed  to  the  4  levers  MN,  3  feet  from  £e  ends; 
which  levers  ace  24  feet  long^  moving  on  eentrte  in  a  fiame  of 
wood.  P,  P  four  force  pumps  of  cast  iron,  wrought  by  four 
pistons  or  rods,  ^P.  These'  pnmps  are  7  or  8  inches  diameter, 
having  valves  opening  lipwird.  O  a  hollow  trunk  of  cast.iron^ 
to  wtach  the  pumps  are  close  fixed!  Q  a  sudLin^*  pipe  going 
into  the  water.  R,  R  fotir  hoUow  pipes,  7  indies  dinneteiv'and 
close  fixed  to  the  lower  part  of  the  pumps ;  these  pipes  ace  cloA* 
screwed  'to  the  hollow  iron  trunk  S,  into  whidi  4  valves  opao. 
T  a  pipe  communicating  witiit'the'trunkS,- through  whidi.ihe 
water  is  forced  to  any  height.  There  are  also  four  forcers  plaeed 
at.  the  ends  M,  M  of  the  levers  M,  N,  and  woiidng  in  four 
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move  piuops,  to  which  bekmg  odier  trunks  and  pipes,  O,  'Q, 
RrS,  At  B  the  other  end  of  the  axis,  there  is  placed  exactly 
the  same  work  as  at  A;  so  that  the  great.wheel  CDworicslG 
pumps.  There  is  also  a  nmdiine  made  of  eog^wheels  and  trun* 
dies,  contrived  to  raise  the  great  wheel  as  the  tide  rises.  The 
great  wheel  will  go  at  any  dep^  of  water ;  and  as  th^  tide  tarns, 
the  wheels  go  the  same  way  with  it ;  hat  stand  still  at  high  and 
low  water. 

As  the  great  wheel  is  carried  ahoat  by  the  tide,  it  carries 
round  the  spur  wheel  G,  wbich  carries  the  trundle  H  witib  the 
cranks  IK,  imich,  by  the  swords  L,  move  the  levers  MN.  When 
the  end  M  is  pulled  down,  N  is  raised  with  the  piston  NP  in 
the  pump  P,  by  which  means  the  water  is  drawn  out  of  the  river 
throogh  the  pipe  Q,  into  the  pump  F;  and  when  NP  de* 
scends,  the  valve  shuts,  and  "the  vrater  is  fbieed  through  di^ 
pipe  K,  through  die  tnmk  S;  and  ak>ng  the  pipe  T  into  the 
town.  And  when  N  rises  up  again  by  the  motion  of  the  cranks, 
the  valve  in  S  shuts,  and  that  in  the  pump  opens,  and  more  water 
rises  through  the  pipe  Q  into  the  pump  P.  *  And  as  die 
cranks  stai2l  every  vray,  there  is  always  water  rising  in.  some  oif 
the  pum]S8;  and  some  always  forcing  dirough  R,  S,  T.  When 
the  tide  is  strongest,  the  great  wheel  goes  6  times  round  in  a 
minuie.  This  engine  is  said  to  raise  30  or  40  diousand  hogsheads 
of  water  in  a  day. 

Example  LXXXIX.  (Fig,  1.  P/.  XV.)  ' 

The  pUe-engmeJnr  Wettmhuter-Mdge.  A  the  great  cog-wheel 
fixed  to  die  great  shaft  D.  MO,  a  trundle  and  flv  turned  by 
the  cog-4¥heel ;  this  is  to  prevent  the  horses  from  falling  when 
the  ram  is  disdiaiged.  B  tne  dram  or  barrel  on  which  the  great 
rope  is  wound.  C  a  less  barrel  on  which  the  rope  L  is  wound, 
carrying  the  weight  N.'  The  use  of  this  is  to  hinder  the  follower 
fiom  fitSmg  too  hBlL  The  barrels*  BC  are  moveable  about  the 
great  axb  D.  The  cog-wheel  and  barrel  B  are  fixed  together 
by  die  bolt  F,  going  through  the  oo^-wheel  into-  the  barrel. 
£1  is  a  lever  moveable  aboot  1,  going  through  the  great  shaft 
D ;  this '  lifts  up  <  the  bdr  F,  the  end  £  being  made  heavier  by  a 
weight ;  by  which  means  it  looks  the  barrel  B  to  the  great  wheel 
A.  KI  the  forcing  bar  going  into  dke  hdlow  axis  of  the  g^eot 
shaft  D :  diis  rests  upon  ike  le#er  £1.  XY  a  great  lever  move- 
able about  3,  the  end  X  being  heavier,  which,  with  the  end  Y, 
radown  the  bar  KI,  thvusu  down  the  end  of  die  lever  at 
lets  the  bolt  F  descend,  to  unlock  the  barrel  C.  Z  a 
rope,  fixed  at  X,  and  going  up  dirough  dieguicies.at  R.  GK  a 
crooked  ievjer  moveable  about  2,  the  roller  at  ihe  end  G  being 
pressed  with  the  great  h>pe,  forces  the  end  K  against  die  catch 
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it  K9  and  bindeift  the  bar  Ki  from  ascending.  When  the  rope 
H  sfatdcens,  the  spring  7  forces  the  end  K  from  the  catch^^A^d 
the  bar  KI  ascends.  H  the  great  rope  going  round  the  barrel 
B>  over  the  pulley  P,  up  to  the  top  and  over  the  pulley  Q, 
tben  down  to  the  follower,  where  it  is  fixed.  T  the  ram  that 
drives  the  piles.  S  the  follower,  in  which  is  fixed  the  tongs  W, 
moveable  about  the  centre.  VV  the  guides  between  which  the 
ram  fiiUs.  At  the  inside  of  the  guides  at  R,  where  they  are  fas- 
tened together,  t^ere  are  two  inclined  planesj ,  At  tli^  bottom 
of  the  follower  is  a  slit,  to  receive  the  handle  6  of  the  ram  T,  to 
be  taken  up  by  the  tongs  W.  a,  ^,  c,  (f. timbers  for. horses  to 
draw  at,  in  diiection  4ihcd, 

As  the  horses  go  round,  the  great  rope  H  is  wound  about  the 
barrel  '6  ;  and  the  follower  S^  and  ram  T  are  drawn  up^  till  the 
tongs  come  between  the  inclined;  planes,  which  squeezing  the 
ends  4,  4  together,  opens  the  end  5,  and  lets  the  ram  fall  down* 
Then  the  follower  S  taking  hold  of  the  rope  Z,  raises  the  end 
X,  and  depresses  the  end  Y  of  the  lever  XY,  which  thrusta 
down  the  bar  KI,  which  thrusts  down  the  end  FI  of  the  leven 
£1^  with  the  bolt  F,  and  unlocks  the  barrel  B,  which  turning 
about  the  axis,  the  follower  S  descends  by  its  weight,  till  it  comes 
to  the  .ram  T ;  and  the  end  5  of  the  tongs  slips  over  the.  handle 
6  of  the  ram.  Tlien  the  rope  H  slackens,  and  the  spriii|^  7 
forces  the  end  K  from  ofi*  the  catch  at  top  of  the  bar  kl,4u«i 
lets  the  bar  rise,  and  the  weight  E  raises  the  bolt  F,  and  loekt 
&e  barrel  B  to  the  wheel  A ;  and  the  horses  still  going  about| 
the  end  5  of  the  tongs  takes  hold  of  the  handle  6,  and  the 
ram  T  is  taken  up  as  before.    > 

All  this  machine  tsiplaoed  upon  a  boat,  wluch  swims  upon  tiie 
water ;  and  so  is  easily  conveyed  to  any  place  desired. 

Example  XC.  (P^.  1.  H  I.VI.) 

OH  a  blowing  wkeeL  AB,  CO.  an  iron  cross.;  to  this  is  fixed 
the  circle  of  iron  £F.  To  these  are  fised  12  leaves  I^I^Iy 
which  reach  no  nearer  the  ceotre  than  the  iron. ^rde.  1,  l^lt 
are  holes,  through  which  the  air  passes  iato  the  cavities  between 
the  leaves.  There  is  the  same  cross  and  iron  circle  on  the  other 
.'side,  but  without  any  hole.  Hirough  the  centre  of  both  sides 
is.  put  an  iron  axis  and  fixed  there,  and  on  the  further .  end .  a 
•handle  is  put  to  turii  it  by.  This  wheel.' is  inclosed  in  a  ease, 
.whidi  just  touches  the  edges  of  all  the  leaves.  ,But  the  rim'6r 
<ottt  edge  KK  is  at  a  small  distance  from  ^e  ends  of  the  leaves. 
•On  this  side  or  flat  ofiihe  case,  there  is'  a  hole  left  jagainUt 
the  holes  1,  I9  to  let.  the  air  through:;  the  other  ^at  is  oktse. 
IM  id  the  sucking  pipe,  being,  a  tidbe  fixed  upon  the  icasiey  se 
as  to  ebrnmimic^  witb  the/csnties^- by  the  holes  I9 /I,    G  is 
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the '  blowings  P^>  Md  'is  ftnotiier  wooden  tube-  ^ommunicatrog 
wtlh  Hm  insiae  of  tb^  case.  The  axis  tuvns  upon  two  concate 
pieces  of  metal  fixed  to  the  case,  the  handle  being  on  the  back 
side  of 'the  figure,  abed  is  a  thin  ring  of  wood  fastening  the 
leiftet  di  toother;  and  the  like  on  the  other  side.  On  these 
rings  are  put  two  circles  of  blanketing  to  go  close  to  the  case, 
and  also  upon  the  iron  circle  £F. 

The  frame  being  fixed,  and  the  handle  turned  about  in  the 
order  BCAD,  the '  motion  of  the  leaves  moves  the  air  very 
swiftly  t»  the  Outside,  which  being  confined  by  the  rim,  is  forced 
in  a  tangent  alMg-^the  tube  G;  whilst  new  air  ascends  alonff 
the  sucking  pipe  LM,  passes  through  the  hole  in  the  frame,  and 
Aioiigb  the  holes  1,1,  into  the  cavities  between  the  leaves ;  and 
so  thrown  oat  of  the  wheel,  through  the  blowing  pipe  G. 

If  die  pipe  LM  be  continued  to  the  place  where  any  foul  air 
10,  it  may  soon  be  thrown  out  through  the  tube  G,  and  dis* 
parsed  abroad.  Or  if  the  tnbe  LM  communicate  with  the 
nesh  iair^  avid  G  with  any  dose  room,  firesh  air  may  presently  be 
iojected  into  ibe  room. 

Example  XCI.  {Fig.  2.  PL  LVI.) 

AB  an  art^idal  fountain  to  play  with  either  end  up.  A  and 
B  two  cavities ;  FO,  KB  two  open  pipes,  fixed  to  the  basins  at 
K  and  O.  GHI  and  CD£  two  curve  tubes  open  at  both  ends« 
When*  the  fountain  stands  on  the  end  A,  pour  water  in  at  O. 
TbMk '  turning  the  fountain  like  an  hour  glass  upon  the  end  B, 
tiiJB  water  will  descend  through  die  pipe  CDE,  ana  spout  out  at 
£.  The  air  passing  up  the  pipe  OF  to  give  it  liberty.  The  wa- 
ter ftiUing  down  upon  the  basin  BK,  runs  through  the  pipe 
KB,  into  the  cavity  B.  And  the  fountain  being  turned,  the 
water  will  descend  through  GHI,  and  spout  out  at  I,  as  before. 
And  so  being  turned,  it  will  plaiy  a-fresh  as  often  as  you  will. 

Note,  while  the  jet  £  is  playiilig>  if  the  end  O  of  the  pipe 
FO  be  stopped  with  the  finger,  &e  jet  will  cease  playing;  whwh 
being  taken  cff,  it  will  begin  again}  and  so  may  be  made  to 
play  or  stop  atpleasaie. 

ExAMPwXCIL    (F^,  3.  P/.  LVL) 

AF  a  waiir  hanmBter,  AD  is  a  small  tube  open  at  both  ends^ 
cemented  in  the  neck  of  the  bottle  C£.  Then  the  bottle  being 
a  litde  warmed  to  drive  out  some  of  the  air ;  the  end  A  is  im- 
merged  in  water  tinged  wtth  cochineal,  which  goes  into  the 
bottle :  as  it  cools.  Then  it  is  set  upright ;  and  the  water  may  be 
maie  to  stand  at  any  pcHnt'B,  by  sucking  or  blowing  at  A. 
This  ia  a  'very  eensibte  oarameter;  for  if  it  be  removed  to  any 
higher  place,  a  «e^  sma|l  deaHaBrin  the  aiKs  gravity^  will  make 
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the  water  rise  sensibly  in  the  tube.  This  may  be  made  use  of 
to  find  the  level  of  places.  But  it  is  subject  to  this  inconye-i* 
nience,  that  it  is  a  thermometer  as  well  as  a  barometer,  the 
least  alteration  of  heat  raising  the  water  in  the  tube.  To  pre- 
vent which,  it  must  be  enclosed  in  a  vessel  of  sand;  and  then 
the  air  included  in  the  bottle,  will  retain  the  same  degree  of 
heat,  at  least  for  a  small  time. 

Example  CXH.  {Fig,  1.  FL  LVH.) 

ADOF  is  a  jet  cPeau,  AB  the  reservoir  where  the  4vater  ia 
kept  CDIO  the  pipe  of  conduct,  which  ^Kmveys  water  firom 
the  reservoir.  O  the  cock,  or  adjutage,  being  a  small  hole  in 
a  thin  horizontal  plate,  fixed  upon  the  end  of  the  pipe,  through 
which  the  water  flows.  OF  the  jet  of  water,  spouting  up  through 
the  hole  O,  which  descends  again  in  the  streams  F£  and  FH. 
OF  the  height  of  the  jet.  AG  thel  horizontal  height  of  the  wa- 
ter in  the  reservoir.  U  Uie  part  LIO  oi  the  pipe  of  conduct  be 
buried  under  the  surface  of  the  water  KH,  and  be  invisible, 
the  jet  will  seem  to  rise  out  of  the  water  KH,  as  in  many  artifi- 
cial fountains. 

The  adjutage  is  sometimes  made  conical,  but  the  best  sort  for 
spouting  highest,  is  a  thin:  plate  with  v  a  hole  in  it^  Ilie  bore  of 
the  adjutage  ought  to  increase  with  the  height  of  the  reservoir, 
and  the  larger  die  adjutage,  the  higher  the  jet  wfll  go,  provided 
the  pipe  of  conduct  be  large  enough  to  supply  it  with  water. 
Pipes  of  conduct  ought  not  to  be  made  with  elbows,  but  to  turn 
off'  gradually  in  a  curve  as.DIO  The.  diameters  of  pipes  of  con- 
duct ought  at  least  to  be  5  or  6  times  the  diameters  of  the  ad^ti- 
tage,  or  else  it  will  not  spout  so  high.  If  a  reservoir  be  50  feet 
high,  and  the  adjutage  half  an  inch,  the  pipe  of  conduct 
should,  at .  least,  be  3  inches  ;  or  if  the  adjutage  be  an  inch, 
which  is  better,  the  pipe  of  conduct  must  be  6  inches.  'And  in 
these  cases  the  jet  wiU  rise  to  the  greatest  height  it  can  have.  In 
general  the  diameter  of  the  adjiatage  ought  to  be  nearly  as  the 
square  root  of  the  height  of  the  reservoir.  And  if  you  would 
have  the  velocity  in  the  pipe  of  conduct  to  be  the  same  at  all 
heights  of  the  reservoir,  that  the  friction  may  not  increase  too 
much ;  then  the  square  of  the  diameter  of  the  pipe  of  conduct 
must  be  as  the  cube  of  the  diameter  of  the  adjutage.  MThen 
water  is  carried  a  great  way  Uirough  pipes,  the  fiiction  of  the 
pipes  will  diminish  its  velocity,  and  the  jet  will  not  rise  so  high. 
.  A  jet  nexer  rises  to  the  full  height  of  the  reservoir.  If  the 
height  be  ;5.feet  1  inch,  the  jet  will. only  rise  to 5  fi^t;  thus 
the  je,t  OF  wants .  the  space  FG  of  the  height  of  the  reservoir. 
And  the  defect  FG  is  as  the  square  of  the  height  of  the  reservoir 
OG.    But  smaller,  jets  fidl  short  more  than  in  that.proportioDy 
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Mng  mote  fetaided  b^  tlie  vcsistinee  of  te  air.  The  greatest  jeta 
never  tise  800  feet  high;  for  tlie  Telocity  if  so  great,  that  the 
water"  id  dissipated  into  small  drops,  by  the  resistance  of  the  air. 
If  a'bdl  jof  cork  or  light  wood  be  kid  at  F,  it  will  be  suspended 
by  the  ptUar  of  water,  and  play  there  without  Ming. 

JBXAMFLE  XCIV.  {Ftg.  2.  PI.  LVII.) 

AGE  is  a-  componmd  steelyard,  for  weishing  vast  weights.  lO, 
€K  two  levers  moveable  about  B  and  £.  LE,  MB  two  fixed 
pieces.  Ad  a  cross  bar  supporting  the  end  C,  and  moveable 
about  the  pins  A  and  C.  The  centre  of  gravity  of  IG  and  AC  is 
in  B;  and  of  CR  and  the  hook  DN,  in  £.  H  the  weight  to  be 
weighed;  F  the  counterpoise  moveable  alons  the  gradoated 
lever  BG.  The  mad&ine  is  hung  upon  the  hooks  at  L,  M. 
Here  the  power  F  is  to  the  weight  H,  as  ABx  D£  to  CEx  BF. 

Example  XCV.  (J%.  2.  PI,  LVHI.) 

ABC  is  a  hone  mill  to  grind  com ;  C  the  mur  toheel  having 
72  cogs ;  B  the  lanihem  of  7  rounds ;  A  tne  koppery  E  the 
shoe ;  F,  G  the  two  miU-itonei.  H  a  lever  or  arm  8  foet  lonsr, 
going  into  the  "axis  D  of  the  great  wheel }  I  the  traces  to  whidi 
<>ne  or  two  horses  are  yoked.  As  the  horses  goes  about  in  the 
path  1  2  S,  he  draws  the  arm  H,  wluch  turns  the  great  wheel  C, 
and  this  drives  the  trundle  B  with  the  upper  stone  F,.  which 
grinds  the  com ;  the  com  is  put  into  the  hopper  A,  and  foiling 
into  the  shoe  E,  runs  through  a  hole  at  top  of  the  stone  F,  and 
in  between  the  stones  where  it  is  ground.  KL  is  the  upper  flooc 
ll)e  whole  is  vridiin  a  liouse. 

Example  XCVI.  {Fig.  2.  PL  LIX.) 

AB  9,' lifting  stodi,  set  perpendicular;  its  use  is  to  raise  a  great 
weight.  IX>  is  a  slit  going  through  it,  in  which  there  moves 
the  lever  CD.  II,  KK  two  sets  of  holes;  into  which  go 
the  pins  G,  H.  When  the  weight  W  is  to  be  raised,  it  is  hung 
on  the  hook  and  ehain  at  the  end  D  of  the  lever.  And  the  pin 
G  being  put  into  the  first  hole  I,  and  the  end  C  being  put 
down,  the  other  end  vnth  the  weight  is  raised,  and  then  the 
pin  H  is  put  into  the  second  hole  K,  under  the  lever ;  then  the 
end  C  bemg  raised,  to  E,  the  pin  G  is  put  into  the  second  hole  I. 
Then  E  beine  put  down  to  C,  and  tne  end  F  raised,  the  pin  H 
is  ptk^  into  ue  third  hole  K.  Thuis  the  lever  and  pins  being 
thus  shifted  from  hple  to  hole,  the  weight  W  is  by  degrees 
raised  up. 

.    Example  XCVII.    (P^.  1.  PL  Ijf.) 
A  bob  gin,  for  raising  water.    AB  a  large  water-wheel  carried 


Digitized 


by  Google 


ft^a  i>£SCRIPnON  OF  9eet.Xin. 

hjf^ike  water  W.  C  and  D  two  cianksy  upon  the  axia,  on  each 
Side  the  wheel,  lying  contrary  ways.  £F,  GH,  two  pieoefl  of 
timber  moving  about  on  the  cranks  C  and  D,  and  also  moveable 
at  the  joints  F,  H,  upon  two  pins.  FI,  HK  two  beams,  moving 
on  the  axes  L  and  M.  I,  K  two  arches  with  chains  ixed  to  them^ 
by  means  of  which  the  pumps  O,  N  are  wrought.  When  the 
water*wheel  goes  about,  one  crank  as  C  pulls  down  the  bar  EF^ 
together  with  the  end  F  of  the  beam  FI,  and  at  the  same  time 
raises  the  end  I,  which  draws  the  water  up  in  the  pump  O.  Im 
^  mean  time  the  other  crank  D  is  raising  the  end  H,  and  de« 
pressing  the  end  K.  When,  by  motion  of  the  wheel,  the  crank 
C  begins  to  ascend,  the  end  I  begins  to  descend,  and  the  end  K 
to  ascend.  So  that  one  beam  goes  up  whilst  the  other  goei 
down,  and  there  is  always  one  pump  working. 

Example  XCVIII.    {Fig,  1.  PL  LXI.) 

A  gunpowder-mill,  AP  the  water  wheel;  B  its  axis.  RPS 
the  water-course.  £  a  spur-wheel  carrying  the  two  drums  C,  D, 
and  the  rollers  CF,  DH,  to  which  they  are  fixed,  a,  a,  &c.  10 
or  12  pins,  or  cogs,  fixed  in  either  roller,  equally  on  all  sides. 
6,  h,  &c.  10  or  12  pestles,  10  feet  long,  and  4  or  5  inches  broad, 
armed  with  iron  at  the  bottom ;  in  these  pestles  are  pins  fixea 
to  answer  the  pins  a^a;  which  lift  them  up  as  the  rollers  turn 
round,  m,  m,  &c.  are  wooden  mortars,  into  which  the  pestles 
&.11 ;  each  mortar  will  hold  about  20  lb.  of  paste.  OQ,  I&,  LN 
are  timbers  through  which  the  pestles  work,  and  serve  to  keep 
them  direct. 

The  materials  being  put  into  the  mortars  m,  m ;  as  the  mill 
goes  about,  the  pins  in  the  rollers  take  up  the  pestles  6,  h  by  their 
pins,  and  when  these  pins  go  off,  the  pestles  fall  into  the  mortars 
m,  m,  and  beat  the  ingredients  to  a  paste.  And  as  these  cogs 
are  placed  on  all  sides  the  circumference  of  the  rollers^  there 
will  oe  always  some  pestles  rising^  and  others  felling,  in'a  regular 
Older. 

Example  XCIX.  (lig,  1.  P/.  LXII.) 

A  crane  or  engine  to  raise  a  great  weight,  and  keep  it  in  any 
position.  AB  a  double  wheel  for  a  man  to  walk  in ;  CD  a  spur- 
wheel  upon  the  same  axis.  £,  F,  G  are  three  wheels  also  fixed 
ubon  one  axis,  of  which  G  is  of  wood,  and  £  is  moved  by  CD# 
lU  is  a  catch,  moving  on  the  pin  I ;  this  falls  in  between  the 
teeth  of  the  wheel. F.  KLM  a  half  ring  of  iron,  in  which  is  a 
groove,  going  upon  the  edge  of  the  wooden  wheel  G.  NM  a 
piece  of  timber  fixed  to  the  ring  at  M,  and  to  the  lever  PN,  and 
IS  moveable  about  the  pins  M,  N.  The  lever  PN  is  moveable 
about  the  centre  O.    QR  a  wooden  rod^  reaching  to  the  catch 
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IH.    PST  a  string  fixed  to  the  lever  at  P.    VXW  the  rope  going 
aboQt  the  axis  of  Uie  great  wheel  to  raise  the  weight. 

When  the  great  wheel  AB  goes  round,  together  with  CD,  the 
lope  VXW  raises  the  weight  W.  The  wheel  CD  drives  E,  to- 
other with  F  and  G ;  and  the  end  of  the  catch  IH  slides  fbeelv 
over  the  teeth  of  the  wheel  F ;  and  the  motion  being  stoppea2 
the  catch  IH  acting  against  the  teeth  of  F,  hinders  the  wheel  F 
from  turning  back,  and  so  keeps  the  weight  W  suspended.  But 
if  you  pull  at  the  string  T,  it  raises  the  lever  PO,  and  thrusting 
the  rod  QR  against  the  catch,  raises  it  out  of  the  teeth  of  the  wheel 
Fy  and  lets  the  weight  W  descend.  But  lest  it  descend  too  fast, 
Ab  lever  PO  is  to  be  raised  higher,  by  pulling  at  the  string  TS, 
and  this  depresses  the  end  ON  of  the  lever,  and  draws  down 
the  piece  NM,  together  with  the  ring  KLM,  which  ring  being 
drawn  close  against  the  wheel  G,  stops  the  motion^  or  reguhites  it 
at  pleasure. 

Example  C.  {Fig.  1.  FL  LXIH.)     . 

Jn  erunae  for  drawing  water,  A  the  cog-wheel,  ten  feet  dia- 
meter ;  B  its  axis,  running  in  the  firame  FFFF,  and  on  the  foot 
2.  C  a  trundle,  three  feet  diameter.  K  its  axis,  fifteen  or  twenty 
feet  long,  running  in  the  stocks  G,  G.  D,  D  two  cranks  of  iion 
on  opposite  sides  of  the  axis,  and  two  feet  long.  OP,  QR  two 
beams  moving  upon  an  axis  in  the  frame  SSSS.  PD,  RD  two 
rods  of  wood  or  iron,  reaching  from  the  beams  to  the  cranks, 
moveable  about  R  and  P ;  arid  turning  round  on  the  cranks  D,  D. 
I,  I  two  rods  of  iron,  fixed  to  two  chains  that  go  over  the  ardies 
O,  Q ;  and  to  two  pistons  that  work  in  the  pumps  j,y.  £  die  tiller 
to  which  the  horses  are  yoked ;  1  2  3  4  the  path  in  which  the 
horses  go  round.  H,  H,  the  surface  of  the  earth.  Tlie  wheel  A, 
and  trundle  C  are  in  a  pit ;  the  axis  K  under  ground ;  and  the 
cranks  D,  D,  are  in  a  pit 

When  the  horses,  walking  in  the  ring  12  3  4,  draw  about  the 
cog-wheel,  by  the  tiller  E ;  this  turns  the  trundle  C,  with  the 
cranks  D,  D ;  and  the  rod  PD  being  drawn  down,  pulls  down 
the  end  of  the  beam  P ;  and  raises  the  other  end  O,  with  the  rod 
Ir ,-  and  draws  the  water  out  of  the  pump  x.  In  the  meantime, 
the  odier  crank  raises  the  rod  DR,  with  tne  end  R  of  the  beam ; 
and  the  other  end  Q,  with  the  rod  I  descends,  and  the  piston  goes 
down  into  the  pump  y.  But  as  the  wheel  A  goes  about,  the  rod 
RD  is  pulled  down,  and  QI  rises  up,  and  draws  water  out  of  the 
mimp  yy  whilst  01  and  the  piston  descends  into  the  pump  x, 
Xhiis,  whilst  one  piston  goes  up,  the  other  goes  down,  and  there 
is  always  one  pump  discharging  water. 

Inst^  of  two  cranks,  one  may  have  three  or  four  cranks,  at 
equal  distances  round  the  axis,  and  these  will  move  three  or  four 
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beams  QR,  and  work  tliree  or  four  pumps.  But  beams  of  timber 
should  be  put  between  every  two  working  beams^  OP,'  QR,'  fbr 
the  atles  to  run  in. 

Example  CI.  (f%.  1.  P/.  LXIV.) 
•  AEL  a  twisting  miU  to  make  thread  or  worsted,  B  a  cog-wheel 
3  feet  diameter,  of  33  or  34  teeth.  C  the  drum  of  4,  6,  or  8 
rounds,  going  on  the  square  end  of  the  axis  of  the  cdg-wheel. 
D  a  spur-wheel,  2  feet  diameter,  and  30  or  32  teeth ;  this  is  fixed 
to  the  reel  E.  The  reel  consists  of  4  long  pieces  of  wood,  6  or  T 
feet  long,  3  of  which  are  fixed  in  the  cog-wheel  D,  and  are  also 
^xed  to  one  another  by  cross  bars  going  through  the  axis  of  ihe 
reel ;  the  fourth  long  piece  of  wood,  which  composesi  the  red,  is 
not  fixed- in  the  cog-wheel,  but  may  be  set  nearer  or  fiirther  from 
^e  axis,  by  help  of  the  pins  1,1,1.  Pa  drum  of  12  rounds, 
carried  by  the  cog-wheel  B ;  these  rounds  are  fixed  into  the  barrel 
G,  of  1  foot  and  6  or  8  inches  diameter.  MNOP  a  fixed  frame  6 
or  7  feet  long,  and  4  feet  broad.  22,  22,  &c,  are'  whorles,  carried 
i^und  by  the  leathern  belt  IKLIH.  These  whorles  run  in  iron 
sockets  at  the  bottom  of  the  f^ame,  and  are  kept  in  their  places  by 
the  snecks  3,  3,  fixed  tb  the  upper  side  bf  the  bottom  part  of  the 
frame;  tipon  the  spitidles  of  these  whoHes  are  put  the  bobbings, 
-wifli  file  thread  or  worsted.  The  spindle  a^d  whorle  is  repre- 
sented at  o,  the  b6bblng  at  6,  the  bobbing  with  the  worsted  on  it 
at  c.  The  lenjgth  of  the  Whorle  and  spindle  is  10  or  11' inches, 
length  of  the  Ikybbingd  or  7  inches;  diameter  of  the  whorle  where 
the  belt  runs  about  an  inch ;  diameter  of  the  bobbing  at  top  IJ 
inch,  at  the  smallest  part  I  of  an  inch ;  these  are  for  worsted. 
The  whotles  may  b^  taken  out  of  the  snecks  at  plcfasuire,  and'thiev 
are  kept  in  these  snecks  by  a  leather  put  across  the  slit  through 
two  holes.  The  bobbings  they  use  fbr  thread  aiie  represented  at 
d;  e  is  a  piece  of  lead  which  goes  upon' the  top  6f  the  spindlie  to 
keep  down  the'  bobbing;  /,  g  are  two  wires  fixed  in  it,  for  the 
thread  to  run  through,  fh>m  the  bobbing  to  the  reel,  the  diameter 
of  the  whorle  about  half  ah  inch.  The  number  of  snecks,  spin- 
dles, and  bobbings  on  one  side  of  the  engine  iS  20  or  24,  that  is 
40or  60  in  all.  4,  4,  &c.  are  wires  in  the  upper  part  of  thfe 
frame,  for  the  thread  to  run  fhrough  from  the  bobbmgs ;  the  num- 
ber of  Wires  are  equal  to  ^\he  number  of  spindles.  Also,  in  the 
horizbhtal  beam  QR  are  the  same  number  of  wires,  ^,  5,  5,  &c.  to 
direct^  the  thread  to  the  reel,  n,  n  are  rollcfrs  fbr  ^e  edge  of  the 
belt  tb  move  over.  6,  6  are  two  hanks  upon  the  reel.  When  the 
belt  grows  ^kck  by  striBtcliing,  the  frame  MN  is  drove  back,  by 
means  of  a  wedge  S,  and  iso  kept  at  a  greater  distance  fi^m  the 
roller  G. 
'   The  thindle  C  may  be  tatken  off,  and  crthers  of  more  or  fewer 
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nings  pat  on,  as  oceasion  leqnires,  by  lifting  tbe  end  T,  of  the 
axis  of  the  keel,  out  of  its  socket;  acta  the  finer  the  thread,  the 
fewer  mngs  it  must  ha^e.  The  circumference  of  the  reel  D£  for 
worsted  is  4  feet,  4  inches ;  for  thread  is  5  feet,  5  inches. 

When  the  thread  or  worsted  is  wound  upon  the  bobbings,  by 
tiie4ielp  of  a  wheels  they  are  put  upon  the  spindles,  as  c,  and 
then  put  within  the  belt  IKL  under  the  snecks  2,  2 ;  then  the 
hahdle  A  being  turned^  carries  the  cog-wheel  B  about,  which 
drives  the  drum  F,  and  the  barrel  G ;  the  barrel  G  moves  the 
belt  in  direction  IKL  about  4he  frame  MN,  which  resting  on  the 
whories  2,  2,  moves  them,  and  the  whorles  and  bobbings,  very 
swiftly  about.  In  the  .mean  time,  the  drum  C  is  turned  round  by 
die  axis  of  the  cog-wheel  B,  and  C  carries  about  the  spur-wheel 
D  and  the  reel,  with  a  slow  motion.  So  the  threads  beio^  put 
through  the  wires  4,  5,  and  fixed  to  the  reel,  these  threads  will  be 
wrapped  about  the  reel,  and  make  the  hanks  6,  6,  as  many  as  there 
are  bobbings.  When  the  hanks  are  of  sufficient  bigness,  they 
must  be  taken  off  the  reel,  which  is  done  by  pulling  out  the  pins 
1)  1,  and  then  one  side  of  the  reel  will  -felt  in,  and  the  hanks 
slacked,  and  may  be  taken  off  one  after  another,  by  lifting  the  end 

V  of  the  axis  out  of  its  socket. 

Tbe  double  3ram,  &c.  is'  to  be  wound  tapering  on  the  bobbings, 
as  at  e»  .making  it  broadest  at  the  low  end^  otherwise  it  will  not 
come  freely  off  tbe  bobbings,-  without  breakmg. 

The  frame  work  consists  of  perpendicular  beams,  fixed  in  others, 
^ng  horizontal,  as  described  in  the  figure,  the  breadth  from  A  to 

V  being  9  or  10 -feet.  The  lower  part  of  the  frame  MN  consists 
of  two  elliptical  pieces^  cut  out  of  boards,  and  set  at  about  a  hand's 
breadth  distance  one  above  the  other,  with  pieces  of  wood  he^ 
tween.  In  the  lower  (which  is  broader  than  the  other)  are  the 
sockets,  in  which  the  bottom  pait  of  the  spindle  of  the  whorles 
move :  in  the  upper,  the  snecks  are  fixed.  The  part  OP,  in  which 
are  the  wires,  is  an  elliptical  piece  like  the  under  ones,  and  fixed 
thereto  by  4  perpendicular  pieces  or  pillars  of  wood.  All  the  rest 
will  be  plain  from  the  figure. 

Example  CII.   {Fig.  1.  FL  LXVII.) 

AEKFis  a  dock.  The  different  forms  and  constructions  gf 
clocks  are  almost  as  various  as  the  fruses  of  those  that  make  them. 
The  following  is  a  Common  8  days'' clock.  K]f 'is  the  moving 
part ;  A£  the  striking  part.     . 

The  work  contained  between  2  brass  plates  is  as  follows:  F 
ihefiyt  or  great  wheel  of  96  teeth;  G  the  second  wheel  of  60 
teeth,  its  pinion  g  of  8  leaves ;  H  the  third  wheel  of  56  teeth,  its 
pinion  A  of  6  leaves ;  I  the  balance  wheel  of  30  teeth,  its  pinion  t 
of  7  leaves ;  and  K  the  balance,    likewise,  A  the  great  ioheel  of 


Digitized 


by  Google 


2^6  DESCRIPTION  OF  Sect/XiU: 

78  teeth ;  B.  the  pin  tohed  of  .48  teetfi^  b  its  pinion  of  8  leaves  ;*  G 
ih^  hoop  voheel  of  48  teetl^  c  its  pinion  of  6  leaves ;  D  the  wanung 
wheel  of  48  teeth,  and  c  its  piniOD  d  oi  6  leaves ;  £  the^^,  e  its 
pimon  of  6  leaves. 

The  ends  R,  R,  of  the  arbors  of  the  wheels  A,  F  com^  through 
dke  iace  of  the  clock,  and  these  arhois  are  fixed  in  the  barrek  Py 
P,  of  6  or.  7  inches  circuniftrence ;  and  on  these  barrels  the  therm 
ttrimgf^  T^  are  wound,  vrhich  go  round  two  pidliet  with  the  weights^' 
that  carry  the  wheels  about.  These  two  barrels  are  moveable 
sound  about  within  the  wheels,  but  are  kept  from  turning  back/by 
the  catch  S  and  its .  springs  and  the  racket  wheeU  Q  fixed  to  the 
barrel.  The  weights  are  wound  up  by  help  of  the  voinch  or  ban* 
die  11.  In  the  rim  of  the  wheel  B  are  8  j»iw,.which,  as  te 
wheel  goes  round,  thiiist  back  the  end  5  of  the  haamner  O,  and 
when  it  goes  oif  the  pin,  the  spring  7  makes  the  hammer  O  strike 
against  &e  (a//  N. 

The  wheel  C  has  a  hoop  upon  its  rim,  which  is  cut  away  in  one 
place,  to  let  the  end  2  of  \!t\^  detent  fall  in.  In  the  rim  of  die 
wheel  P,  there  is  a  pin  vdiich  stops  against  the  end.d?  of  the  mm 
wxy  and  hinders  the  wheels  turning  about. 

On  the  axis  op  are  fixed  the  two  pieces  vs,,  and  the  detent  !•  2. 
On  the  axis  gr  is  fixed  two  pieces  wx  and  the  Ufter  3 ;  and  on 
the  end  r  of  that  axis,  which  comes  through  the  rore  plate,  is  put 
the  lifter  10,  {Fig,  1.  Ft.  UCVI.)  and  pinned  fast  on. 

The  arbor  of  the  wheel  G  comes  through  the  face  ;  upon  this 
aibor,  between  the  face  and /ore  plute^  is  put  the  whe^  g  {Fig.  1. 
P/.  LXVI.)  of  20  teeth,  its  arbor  being  hollow,  and  under  tiie 
wheel  is  put  the  brass  spring  /,  with  the  concaxre  side  upward^ 
thi^  spring  having  a  square  hole  in  it,  to  fit  the  shoulder  of  the 
arbor  of  G,  {Fig.  1 .  PL  LX  VII.)  The  wheel  Z  {Fig.  1 .  FL  LX  VI.> 
of  4^  teeth,  turns  upoa  a  fixed  pin  or  axit^  and  is  driven  by  the 
wheel  z.  The  dial  wheel  /  of  48  teeth,  is  put  with  its  hollow^ 
socket  upon  the  arbor  of  socket  of  z  ;  then  the  face  being  put  on, 
their,  ends  comes  through  it,  and  the  hour  hand  k  is  put  upon  the 
square  end  of  /,  and  the  miimte  pointer  W,  {Fig.  1 .  PL  LXVH.) 
upon  the  end  z,  {Fig.  1.  PL  LXVI.)  the  wheel  z  being  thrust 
down  to  bend  the  spring,  and  then  a  pin  put  in  to  keep  it  there; 
the  pinion  of  Z,  called  the  pinion  of  report,  has  8  teeth,  and  drives 
the  wheel  /  and  the  hour  hand.  Now,  the  spring  /  keeps  the 
wheel  z  pretty  tight  upon  the  axis  of  G,  so  that  G  will  carry  it 
about  along  with  it.  And  if  the  minute  pointer  be  thrust  about, 
it  will  force  about  the  wheel  z,  and  also  Z,and  likewise/ with  the 
hour  pointer. 

The  arbor  of  the  wheel  A  {Fig.  1,  PL  LXVII.)  goes  througli 
t^  bi^k. plate;  upoft  it,  behind  the  plate,  is  put  die  whee^  V 
(^Fig.t.  PL  LXVI.)  or  ;pfnipa  qf  report^  of  .28  teeth,  and  piniied 
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ihme.  The  doable  wheel  XY  is  cerried  by  V,  end  tuFiit  opoli  % 
pb  fixed  on  the  beok  of  die  plate.  The  wheel  X  baa  also  28^ 
teeth,  and  the  coiaU  wkeei  Y  Is  divided  into  11  parts  of  nneqiMd 
lengths,  according  to  the  strokes  the  clock  is  to  strike  at  erer^f^ 
hour;  part  of  this  wheel  is  represented  at  i,  {Wig.  1.  P/.  LXVII.) 
A  slender  spring  is  put  on  with  this  wheel  to  keep  it  tight.  Thit 
put  may  be  made  more  simple,  by  leaving  out  the  wheels  V,  X^ 
taA  putting  Y  upon  the  axis  of  A  instead  of  V ;  but  it  must  be 
pot  on  the  contrary  way. 

Hie  arbor  of  the  balance  wheel  I  {¥ig,  1.  Pi.  LXVII.)  comee 
thioiq[h  the  fore  plate,  almost  to  the  iaoe ;  and  through  a  bole  ift 
the  fiice  is  put  the  hollow  socket  of  the  ueomd  pointer  12 ;  and 
tiss  shows  the  seconds  by  a  small  cirde  divided  into  60  parts. 
And  the  &ce  is  also  divided  into  two  circles^  showing  hours  aMd 
minutes. 

The  pendulum  han^  on  the  fixed  piece  of  brass  M,  by  a  but* 
ton  at  top,  and  a  than  piece  of  brass  going  into  a  slit  at  M,  and 
a  flat  piece  of  brass  goes  into  the  fork  L,  so  that  if  the  pen- 
dulum moves,  it  must  move  the  rod  KI^  and  balance  K  along 
with  it. 

Hie  palkts  B,  9  of  the  balance  K,  are  so  formed,  that  the  under 
side  of  8,  and  upper  side  of  9,  where  the  teeth  of  the  wheel  I 
aet,  are  polished  planes,  and  made  sloping,  so  that  a  tooth  slid- 
ing along  the  under  side  of  the  pallet  8,  will  force  the  balance  K 
to  the  1^  hand ;  and  a  tooth  sliding  along  the  upper  side  of  the 
pallajt  9^  will  force  it  to  the  riffht 

.  The  work  is  put  together,  by  setting  the  teeth  together  that  are 
marked  in  the  wheel  B  and  in  the  pinion  c,  and  likewise  in  the 
wheel' C  and  pinion  d.  Then  the  minute  pointer  is  put  on  the 
arbor  oiz,  mark  to  mark ;  and  the  hour  pointer  the  same  way  oi^ 
the  arbor  of/.  And  the  wheels  «,  Z, /  are  set  to  one  another, 
according  to  their  marks. 

The  weights  hanging  upon  the  wheels  A,  F,  and  the  pendulum 
made  to  vibrate,  the  wheel  F  drives  G,  which  drives  H,  which 
drives  I ;  then,  whilst  the  pendulum  vibrates  to  the  right,  a  tooth 
dips  off  the  pallet  9,  and  in  its  return  to  the  left,  a  tooth  ^Hps  off 
the  pallat  8,  then  on  the  right  anodier  goes  off  9,  and  io  on  alfeer- 
nately;  and  the  weight  causing  the  teedi  to  act  against  the  pallats 
of  the  balance,  keep  the  pendulum  in  motion ;  and  the  wheel  I 
goes  round  in  a  minute. 

As  the  wheel  G  goes  round,  it  carries  about  jt,  with  the  minute 
pointer  once  round  in  an  hour;  x  drive3  Z,  which  drives/ once 
round  in  12  hours.  Whilst  the  wheel  z  goes  round,  the  pin  m 
raises  the  lifter  10,  which  lifts  up  the  piece  3,  and  the  arm  wx ; 
the  piece  3  laises  die  detent  1  2,  together  with  v»;  the  end  2  of 
the  detent  being  raised  above  Ifae  hoop,  the  wheel  C  moves  about, 
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and  hy  the  obbque  figiue  the  end  of  the  detent  2,  it  raises  the  end 
of  the  detent  tugher,  and  also  raises  «  out  of  the  notch  of  the 
count  wheel,  "^len  the  wheel  D. turns  round,  till  the  pin  in  the 
lim  stops  at  the  end  x,  which  hinders  the  motion.  But  as  the 
wheel  z  goes  further  about,  the  lii^r  10  &lls  down  off  the  pis; 
together  with  the  piece  tax,  and  latch  3,  whidi  suffers  the  wned. 
D  and  the  rest  to  turn  round;  and  the  pin-wheel  causes  the  ham- 
mer to  strike  so  often,  till  the  end  s  fidla  into  a  notch  of  the  count 
wheel,  and  then  the  detent  2  falls  into  the  yacancy  in  the  hoop, 
and  locks  the  work ;  which  continues  so  till  the  next  hour,  that 
tiie  piece  10  is  raised  again,  and  then  she  strikes  as  before ;  the 
'Wheel  C  goes  round  •  eveiy  stroke  of  the/ dock ;  but  she  strikes  1 
more  every  succeeding  hour,  because  the  teeth  between  the  notdies 
are  made  longer  and  longer  in.  the  count  wheel ;  and  it  turns 
round  once  in  12  hours. 

General  ndes  in  aU  clocks. 

In  the  striking  part,  the  pin  wheel  being  divided  by  the  pinion 
of  the  hoop  wheel,  the  quotient  shews  the  number  of  pins  in  the 
pin  wheel. 

If  78  be  divided  by  the  number  of  pins,  the  quotient  shews  the 
revolutions  that  the  pin  wheel  makes  for  one  revolution  of  the 
count  wheel. 

The  hoop  wheel,  divided  by  the  pinion  of  the  warning  wheel^i 
must  be  a  whole  number. 

In  the  moving  part,  the  tram  is  the  number  of  beats  the  clodc 
makes  in  an  hour ;  which  is  3600,  If  she  beats  seconds :  in  this 
case,  the  balance  wheel  must  have  30  teeth. 

If  G  turns  round  once  in  an  hour  -and  shews  minutes,  then 
the  quotient  of  G  divided  by  the  pinion  of  H,  multiplied  by  the 
quotient  of  H  divided  by  the  pinion  of  I,  and  that  multiplied  by 
twice  the  teeth  in  I,  must  be  equal  to  the  train.  And  if  she  beats 
seconds,  then  the  product  of  the  two  quotients  must  be  60. 

If,  also,  G  shows  the  hours,  then  the  quotient  of/  divided  by 
the  pinion  of  Z,  multiplied  by  the  quotient  of  2  divided  by  r, 
must  be  12. 

From  the  great  wheel  to  the  balance,  the  wheels  drive  the 
pinions ;  but  to  the  dial  wheel,  the  pinions  drive  the  wheels ;  the 
former  quickens,  the  latter  lessens  the  motion. 

Any  wheel  being  divided  by  the  pinion  that  works  in  it,  shows 
how  many  turns  that  pinion  hath  to  one  turn  of  the  wheel.  As  if 
the  pinion  be  5  and  the  wheel  60,  it  is  set  down  thus, 

5)60(12timesl.    Or  thus  J^— ^j  times. 
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The  teelh  of  Mverel  wheels  aad  pinionB,  that  work  in  one  ano- 
th^r,  v»  tot  dowA  thus, 


4)  36  (9  times 
8)  80  (10  times 

6)  54  (9  times 

5)  40  (8  times 
OrA«    36  ^     80    ^     54   ^ 
4             8             6  . 

40 
5 

In  tbe  lonoer.  way»  the  number  on  the  left  band  of  any  wheel 
is  tbe  pinion  that  it  driTes ;  and  the  nus^ber  over  it  is  the  pinion 
on  the  same  axis.  In  the  latter  way  the  several  fractional  quan- 
tities represem^  the  quotient. 

.Any  wheel  and  the  pinion  it  driyes^  will  have  the  same  motion 
with  another  wheel  and  pinion,  when  their  quotients  are  equal. 
HuSy  a  wheel  of  36  drives  a  pinion  of .  4,  all  the  same  as  a 
wh^l.  of  4$,  does  a  pinion  of  5 :  or  a  wheel  of  90  a  pinion 
of  10.        .  ,  > 

In  any  wotion  you  may  use  one  wheel  and  one  pinion,  or  else 
seT^ral, wheels  and  several, pinions,  provided  they  all  give  th^ 
sam^  motion^  Therefore,  when  a  num])er  is  too  big  to  be.  cut  in 
Onet  wheel*  yo!il  may^divide  it  into  two  or  more  quotients. 

In  a  yrbeel  Btkd  pinion  that  work  in  .one  another,  their  diameters 
inust  be. as  the  numto  of  teeth  in  each.  And  the  diameter  must 
be  measured^,  not  to  the  ezbren^ity,  but  to  the  middle  of  the  tooth, 
or  wh«e  they  act. 

.  The  c^xcelleney  of  .clock-work  consists  in  forming  the  teeth 
truly,  and  to  fit  the  notches  exa^y  without  shaking,  and.  to  play 
freely;  the  teeth  inust  be  cut  into  the  form  of. cycloids,,  which 
tesembles  the  shape  of  a  bay  leaf.  . 

A  clodc  goes  exacter  as .  the  .pendulum  is ,  longer,  and  the  bob 
piMty  heavy,  and  to  make  W  small  vibrations;  and  for  more 
exactness,  to  play  between  two  cycloidal  cheeks;  and  the  longer 
the  arms  K8,  K9,  /thfej>easier  the. clock  goes.  TIN  length. of  a 
second  pendvdwn  is  393%U)^es^.  $ee  die  theory  ofpendulusyi 
inProp.Xli.,XLI.iXVnL  .  f 

The  paUats  6,t9>.^are  h^re  formed  after,  the  commpn  vvay: 
but. there  is  anothf^r  way  of  forming  thenu.  From  the  centra 
of  motion  tf/(i?i^w;l.  PL  I^VlI.)  describe  two  smsUl  arches  ci^ 
and  .8€.  Iliese.smaUJiQes  or  pUaes  afif  and  St9  and  also  the 
workings  side  .of  thei  tooth)  hf^  must  all  .range  to ,  ic  the  centre  of 
fliet balance  wheel.  And  Uie  <^ds  of  the  paUats  ay,  and  897,. must 
rangeja Mle to  theri^t hand  of  ihe centre e.  Then  the  teeth  of 
the  balante  whed  will  fall  alternately  on  the  sides  a^,  apd  ac^ 
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And  any  toothy  whilst  it  acts  against  a$,  or  8c,  will  have  no 
effect  in  moving  the  pendulum ;  but  lies  deady  till  it  makes  its 
etcape  off  the  angle  a  or  8;  and  then  in  moving  along  the  plane 
ety,  or  9ij,  it  forces  the  pendulum  to  Uie  right  or  left. 

But  the  construction  will  be  better  thus ;  take  Br,  r^  each 
equal  to  |  a8.  From  the  centre  r  describe  the  arches  »$,  S< ; 
and  let  the  end  ay,  Bn,  range  to  i^..  Or,  perhaps,  it  may  answer 
the  end  as  well,  to  describe  a$,  and  8c,  from  the  centre  B ; 
and  let  the  acting  side  of  the  tooth  range  (not  to  k,  but)  to  v  the 
outside  of  the  circle  described  with  the  radius  icv  :=  i  jcju. 

The  inconvenience  of  any  of  these  constructions,  is,  that  the 
pallats  are  too  thick,  and  can  hardly  find  room  to  fall  in  betv^een 
the  teeth  of  the  balance  wheel. 

Example  CIII.    {Fig.  1.  PL  LXVIII.) 

ABC  is  a  cutting  engine  to  cut  the  teeth  of  clock  wheels.  AC 
an  iron  plate  2}  feet  long,  and  3  or  4  inches  broad.  £K 
another  plate  fixed  4  or  5  inches  lower.  G  a  slider,  sliding  dong 
a  groove  in  the  end  C :  this  is  made  of  several  plates  of  iron 
fixed  to  one  another  with  screws,  and  fitting  closely  to  the  edges 
of  tiie  plate,  and  to  the  sides  of  the  groove,  and  likewise  to  the 
upper  and  under  side  of  the  plate ;  this  is  to  cause  it  to  move 
truly  along  the  groove  when  rorced  forward  or  backward,  by 
the  screw  at  I  and  its  handle ;  for  this  screws  throufib  C,  ana 
turns  round  in  a  collar  in  the  end  G.  The  end  of  ttjis  slider 
turns  up  perpendicular :  to  this  is  fixed  the  part  F  by  a  pin  K, 
which  goes  square  into  this  part,  and  through  a  round  bole  in 
F;  so  that  the  part  F  can  turn  about  the  screw  pin  K,  and 
may  be  fixed  by  turning  the  nut  2  with  the  key  9,  (JPVg.  1.  PL 
LXIX.)  which  nut  screws  upon  the  end  of  the  pin. 

B  is  a  brass  wheel  of  96  teeth,  carrying  the  pinion  D  of  12 
leaves;  these  move  between  the  cheeks  LL,  MM;  which  «e 
joined  by  the  cross  bars  N  and  P ;  these  cheeks  and  their  ma- 
chinery turn  round  on  the  axis  LM,  in  the  pait  F.  /*  is  the 
GUtling-wheel,  whose  ed^  is  nothing  but  a  file  to  cut  me  teeth, 
as  it  goes  about;  this  goes  upon  tibe  arbor  of  the  pinion  D. 
Hiere  are  a  great  number  of  these  cutting  wheels,  of  different 
shape  and  bigness,  which  may  be  taken  off  the  arbor,  and  others 
put  on ;  these  parts  are  described  at  a,  b,  c,  d;  {Fig,  1.  PL  LXIX.) 
a  the  pinion  on  its  arbor,  6  the  cutting  wheel  going  upon  the  arbor 
which  is  octagonal,  and  fits  it  exactly,  having  the  sides  marked  that 
a!«  put  to  each  other,  c  a  hollow  piece  which  goes  on  the  same 
axis ;  and  the  nut  d  screws  on  the  end  of  the  arbor,  to  keep  c 
and  the  wheel  b  fest  on.  The  ends  of  the  arbor  are  bardiuied 
sleel,  and  pointed;  and  this  arbor  runs  between  the  cfaedce 
LM,  ihrougn  which  cheeks  there  goes  2  screws,  with  holes  to 
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receive  the  points  of  the  arbor;  and  these  screws  are  set  to  a 
proper  distance,  bj  screwing  them  in  or  out  by  help  of  a  key  9. 
going  on  iqcrare  upon  the  end,  and  then  the  screws  are  locked 
there,  by  the  nuts  O,  O.  rs  {Fig,  1 .  P/.  LXVIII.)  is  a  spring,  fixed 
with  one  end  to  the  under-side  of  the  cross>bar  N,  and  the  other 
end  t  lying  upon  the  plate  AI,  and  this  spring  raises  the  part 
LLMM.  when  the  notch  is  cut.  ^  is  a  screw  pin  going  through  the 
bar  P ;  its  end  u  rests  upon  the  plate  AI,  and  hinders  the  wheels 
from  descending  lower,  i,  i,  are  two  screw  pins,  which  screw 
through  LM,  by  help  of  the  key  q,  {Fig.  1.  P/.  LXIX.)  and  go 
with  their  points  into  F,  {Fig.  1.  PL  LXVIII.)  which  has  two 
holes  to  receive  them ;  these  pins  are  locked  to  L,  M,  by  turning 
the  two  nuts,  which  also  screw  upon  the  pins.  These  screw  pins, 
nats,  and  cheeks,  all  turn  round  together  m  the  holes  in  F. 

H  is  the  dividing  pUUe^  being  a  brass  circular  plate  15  or  16 
indies  diameter.  This  plate  is  fixed  to  a  hollow  brass  axle  Q, 
an  inch  in  diameter ;  and  this  axle  goes  through  the  two  plates 
'  AI,  ££ ;  and  both  the  wheel  and  its  axle  turn  about  together ; 
the  lower  plate  cannot  be  seen,  (but  is  represented  at  R,  Jp^.  1, 
PL  LXIX.)  Near  the  edge  of  this  plate,  there  are  24  concentric 
aides,  each  divided  by  points  into  a  certain  number  of  equal 
parts,  fM.  366,  365, 360, 118,  100,  96,  92,  90,  88, 84, 80,  78,  76, 
27,  70,  68,  64,  62,  60,  58,  56,  54,  52,  48.  The  use  of  these  is  to 
divide  a  revolution  into  any  number  of  equal  parts,  according  to 
these  different  circles. 

«t  {Fig.  1.  PL  LXIX.)  is  an  arbor  going  through  the  hollow  axle 
QR,  {Fig.  1.  PL  LXVIII.)  with  the  shoulder  fi  against  the  top  of 
diat  axis ;  then  the  nut  n  is  screwed  upon  the  end  t,  to  keep  it  tast 
M  is  the  wheel  to  be  cut  into  teeth  ;  there  is  a  hole  made  in  the 
eentre,  just  to  fit  the  part  ge,  which  being  put  on,  and  the  piece  / 
above  it,  they  are  then  screwed  hard  down  with  the  nut  k  going 
on  tiie  end  e.  Then  if  the  wheel  H  be  turned  round,  it  carries 
about  with  it  the  wheel  m.  There  are  several  arbors  ei,  for  fitting 
different  wheels  m. 

wy  {Fig.  1.  PL  LXVIII.)  is  a  moveable  index;  it  turns 
about  a  nail,  as  a  centre  in  the  end  u;,  there  beinf  a  slit  in  it,  to 
let  the  bottom  of  the  screw  x  pass  through  as  it  moves,  y  is  move- 
able back  and  forward,  and  may  be  fixed  any  way  by  the  two 
screws,  s  is  a  steel  point,  which  moves  along  the  circumference 
of  any  cirde  you  require,  from  one  point  to  anodier.  T  is  the  winch 
to  turn  the  wheel  B ;  S  is  the  handle  to  pull  down  the  madiineqr 
near  the  plate. 

To  use  this  machine.  An  arbor  ei  proper  for  the  wheel  ik,. 
which  is  to  be  cut,  being  put  through  ttie  axis  Q,  and  screwed 
&sty  as  it  appears  at  R ;  and  then  the  wheel  m  and  the  parts  ^,  / 
put  on  above  Q,  and  screwed  fast.  Loosen  the  screw  x;  and, 
moving  the  index  toy  till  the  steel  point  x  fidl  in  the  circle, 
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containing  the  same  number  of  parts,  the  wheel  m  is  to  be  divided 
into,  there  screw  it  fast  with  the  screw  x^  Then  putting  on  the 
cutting  wheel  jf  proper  for  the  work,  turn  the  handle  and  screw 
I,  and  drive  the  machinery  with  die  wheel  f  towards  Q,  till 
^e  edge  of /lie  just  over  the  edge  of  the  wheel  m  to  be  cut; 
^ere  &  it  by  the  handle  V ;  and  turn  the  wheel  H  till  «  fisdls 
into  some  point  of  the  circle ;  then  take  hold  of  the  handle  S, 
and  pull]  it  down,  till/ falls  against  the  edge  of  m  ;  then  holding 
it  there  with  one  hand,  turn  the  winch  T  with  the  other ;  whi<£ 
carries  about  B,  and  this  drives  D  with  the  cutter  /,  and  this 
motion  cuts  a  notch  in  the  edge  of  m,  and  when  it  is- deep 
enough,  the  pin  ^t«  (properly  set)  stops  at  the  plate  AC,  and  hin- 
ders it  from  going  further.  Then  let  go  S,  and  the  spring  r» 
raises  up  the  wheels,  &c.  This,  done,  pull  about  the  wheel  H, 
till  z  fall  in  the  next  point  of  division ;  then  draw  down  S,  and 
tiim  the  machine  as  before,  till  you  have  made  another  cut 
deep  enough.  And  thus  you  must  proceed,  till  z  has  gone  through 
all  the  points  of  division  in  the  circle,  and  then  your  wheel  is  cut 
into  its  proper  number  of  teeth. 

When  the  number  of  teeth  wanted  to  be  cut  answers  to  none 
of  the  circles,  take  such  a  circle  as  can  be  divided  by  your  num- 
ber, and  if  the  quotient  be  2,  3,  4,  &c.  then  you  must  set 
je  to  every  2d,  3d,  4th  point,  &e.  skipping  the  rest.  As  if 
you  want  21  teeth,  take  the  circle  84,  wnich  divided  by  21  givet 
4';  so  that  you  must  set  z  \x)  every  4th  tooth  only,  and  so 
cut  it. 

A  crown  wheel  may  be  cut  the  same  way;  but  then  the  cen- 
tre of  the  wheel  /  must  be  brought  over  the  edge  of  the  wheel 
to  be  cut,  and  there  fixed.  Also  oblique  teeth  may  be  cut  in 
a  wheel  after  the  same  manner;  but  you  must  first  ease  the 
screw  K,  and  then  turn  the  cutting  frame  about  K  as  an  axisn 
till  the  cutter  /  have  a  proper  degree  of  obliquity,  and  there 
screw  fast  the  pin  K,  by  the  nut  2,  and  proceed  as  before* 

After  the  teeth  are  cut  with  this  engine,  they  are  still  to  be 
t^rought  into  their  proper  form,  with  files  suitable  for  &e  busi- 
ness ;  and  this  t|xe  wprkman  must  do  by  hand. 

ExAMPLB  CIV.  (Fig.  1.  FL  LXIX.) 

£H  is  a  glazier^ t  vke,  for  drawing  window  lead.  PG,  QH 
two  axles,  running  in  the  frame  KL,  ML.  C,  D  two  wheels 
of  iron  case-hardened,  1}  inch  broad^  and  of  the  thickness  of 
a  pane  of  glass ;  these  wheels  are  fixed  to  the  axles,  and  run 
very  near  one  another,  not  being  above  jv  of  an  inch  distant; 
across  their  edges  are  several  nicks  cut,  the  better  to  draw  the  lead 
^ough.  E,  r,  two'  pinions,  of  12  leaves  each,  turning  one  ano- 
ther, and  going  upon  the  ends  of  the  axles,  which  ^re  square. 
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and  kept  ikst  there  by  the  nuts  P,  Q,  which  are  screwed  fast 
on  widi  a  key.  A,  B  two  cheeks  of  iron,  case-hardened,  and 
fixed  on  each  side  to  the  frame  with  screws ;  these  are  cut  with 
an  opening  where  the  two  wheels  meet,  and  set  so  near  the 
wheels,  as  to  leave  a  space  equal  to  the  thickness  of  the  lead ; 
so  that  between  the  wneels  and  the  cheeks  there  is  left  a  hole, 
of  the  form  represented  at  N,  which  is  the  shape  of  the  lead 
when  cut  through.  The  frame  KLML  is  held  together  by  cross 
bfitfs  going  through  the  sides,  and  screwed  on :  and  a  cover  is 
put  over  the  madiine  to  keep  out  dust;  and  it  is  screwed  fast 
down  to  a  bench,  by  screw  nails  LL. 

When  it  is  used,  the  lead  to  be  drawn  is  first  cast  in  moulds, 
into  pieces  a  fi)ot  long,  with  a  gutter  on  each  side.  Take  one 
of  these  -pieces,  and  sharpen  one  end  a  little  with  a  knife,  and 
put  it  into  the  hole  between  the  wheels ;  then  turning  the  han^- 
ale  I,  the  lead  will  be  drawn  through,  of  the  form  designed. 

ExAifPLR  CV.  {Fig.  1.  PL  LXXO 

AC  a  water-mill  for  grinding  corn,  without  either  trundle  or 
cog-wheel.  BC  is  the  arbor,  or  axis  of  the  mill ;  this  is  a  cy- 
lindrical  piece  of  wood,  about  two  feet  diameter ;  GHIKLMN 
is  a  leaf  or  wing  of  wood,  whose  breadth  is  about  the  radius 
of  the  arbor;  this  runs  spiral-wise  round  the  arbor  from  bottom 
to  top,  ascending  in  an  angle  of  about  35  degrees;  it  must 
every  where  stand  upright  on  the  surfitce  of  the  arbor.  Instead 
of  one  you  may  use  two  of  these  spiral  leaves,  especially  if  they 
be  narrow.  This  arbor  and  its  spiral  leaf,  turns  round  upon  a 
pivot  P  at  the  bottom;  and  at  the  top  B,  it  has  a  spindle^ 
which  goes  through  a  plank,  and  is  fixed  to  the  upper  miU-stone 
D,  which  turns  rouna  with  it ;  so  that  the  arbor  has  little  or 
no  friction.  QRST  is  a  hollow  cnrlinder,  made  of  stone  or  brick, 
to  enclose  the  arbor  and  its  leaf;  and  whose  inside  is  walled 
as  near  as  possible,  just  to  suffer  the  leaf  to  turn  round  with- 
out touching;  so  that  no  water  can  escape  between  the  leaf  and 
the  wall ;  and,  consequently,  it  can  only  run  down  the  declivity 
of  the  leaf;  its  top  is  represented  by  the  circle  QBTV.  RWS 
is  an  arch  to  let  the  water  out  at  the  bottom,  to  run  away ; 
and  big  enough  to  go  through  to  repair  the  engine.  F  is  we 
trough  that  brings  the  water ;  D,  E  the  two  mill-stones.  A  the 
hopper  and  shoe.  The  arbor  and  its  leaf  may  be  cut  altogether 
out  of  the  solid  trunk  of  a  tree ;  or  else  the  leaf  jnay  be  made 
of  pieces  of  boards,  nailed  to  several  supporters  of  wt)od,  whidi 
are  to  be  let  every  where  into  holes  miade  in  the  body  of  the 
arbor,  so  as  they  may  stand  perpendicular  to  its  surface ;  and 
all  set  in  a  spiral.  And  the  spiral  is  made  On'this  considera- 
tion ;  that  for  every  10  inches  u  the  circumference  of  the  axis. 
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you  must  rise  7  inches  in  length.  But  at  the  top  G,  it  will 
be  better  to  rise  faster^  so  as  to  baye  its  surfiawse  almost  per- 
pendicular to  the  stream. 

When  the  mill  is  to  go,  the  corn  is  put  into  the  hopper  at 
A,  which  runs  down  the  shoe,  through  the  mill-stone  D.  And 
the  spout  F  being  opened,'  the  water  falls  upon  the  oblique  l^ 
GHIK,  and  by  its  force  turns  the  axis  BC  about,  and  with  it 
the  stone  D,  and  grinds  the  corn. 

Example  CVI.  {Fig.  1.  PL  LXXI.) 

DBF'  is  the  arch  of  a  hndgey  which  shall  sustain  itself,  and 
all  the  parts  of  it,  in  equilibrio.  Such  an  arch  will  be  stronger 
than  any  other,  because  an  arch  that  can  sustain  itself,  will 
more  easily  sustain  an  additional  weight,  than  an  arch  that  can- 
not sustain  itself,  but  only  by  the  cohesion  of  the  mortar.  Tlus 
arch  DBF  is  a  semicircle,  whose  centre  is  R,  and  vertex  B ; 
and  the  wall  ATto  must  be  so  built,  that  the  height  AT,  in 
any  place  A,  must  be  as  the  cube  of  the  secant  of  the  arch  BA, 
wmcn  will  cause  it  to  run  upwards  towards  D,  in  the  form  of 
the  curve  ^ST.  But  as  this  form  is  not  commodious  for  a 
bridge,  the  construction  may  be  performed  thus.  In  any  place 
of  the  arch,  as  A,  let  the  superincumbent  part  AT  be  built  of 
heavier  materials  than  at  B,  in  proportion  of  the  cube  of  the 
secant  of  the  arch  BA,  for  the  parts  near  B,  but  in  something 
less  proportion  in  the  parts  towards  A  and  D.  And  the  right 
line  Gl^  being  drawn,  will  nearly  terminate  the  top  of  die 
wall.  But  as  materials  cannot  well  be  procured  for  this  pur- 
pose, the  following  way  may  be  used. 

With  the  radius  BR,  {Pig.  2.  PL  LXXI.)  describe  the  arch 
DBd,  of  9Q  degrees;  DB,  Bd  being  each  45.  And  if  BR  con- 
8i3tR  of  100  parts,  make  BS,  ia.  Draw  the  ri^  line  G$gf 
perpendicular  to  SBR ;  and  the  arch  DBd  sh^l  support  the 
wall  DGgd  in  equilibrio  in  all  its  parts.  If  the  arches  DB  and 
Bd  be  made  each  60  degrees,  £^nd  the  height  BS  7  parts,  and 
the  right  line  GSg  drawn,  then  the  arch  DBd  will  equally  sup- 
port the.w^l  VQgd  in  a^\  parts :  but  ^en  the  materials  made 
use  of  about  the  places  <<,  a,  oi^ght  to  the  only  about  half  the 
weight  of  those  at  B  and  D.  j  And  Ipese  are  the  principal 
pases  iji  w^cb  a  circle  is  servideable,  fdr  making  an  arch  stand 
in  equilibrio. 

Another  equilibrial  arch  is  from  the  catenary.  Make  the 
latm  rectum  BS,  (Fag.  3.  PL  LXXI.)  100  equal  parts;  BR, 
AR,  RF  each  150;  describe  the  catenary  ABF,  through  the 
points  A,  B,  and  F.  Then  |  ABF  will  be  an  s^rch  ^ch 
will  support  the  i^all  AGgfin  equ^ibrfo,  in  every  point  of  it. 
The  fault  <»f  Oiis  areh  is,  tbat^by  xeaaoh.of  the  height  BS,  there 


Digitized 


by  Google 


Sect.  XIII. 


COMPOUND  ENGINES. 


235 


is  too  raach  weight  of  wall  upon  it,  which  will  endanger  the 
smiung  the  piers,  except  the  foundation  be  very  good ;  and  it 
likewise  raises  the  bridge  too  high. 

Another  arch   of  equilibration  is  this;   make  SB,  BR,  AB 

(1*%.  4.  PL  LXXI.)  of  any  lengths  at  pleasure;  draw  the  right 

Une  GS  parallel  to  the  horiion ;  and  to  the  assymtote  GS,  draw 

the  logarithmic  curve  AB :  which  may  be  done  thus ;  draw  AG 

perpendicular  to  GS ;  divide  SG  into  any  number  of  equal  parts ; 

and  as  many  points  of  division  as  you   have,  find   so  inany 

mean   proportionals  between  SB  and  GA;  set  these  from  the 

respective   points   in   SG  downwards,  in  lines  drawn  dirough 

these  points  parallel  to  SR ;  and  these  will  give  so  many  points, 

through  whidi  the  curve  BA  is  to  be  drawn ;  and  the  curve  bi 

b drawn  the  same  way:  between  these,  the  pier  BD  is  placed 

with  a  tower  upon  it    The  only  iauk  this  arch  has,  is,  that  the 

water-way  is  diminished  by  the  pier  BD ;  and  as  many  arches, 

so  many  supernumerary  piers  there  vnll  be. 

I  shall  now  shew  how  to  describe  an  arch  clear  of  all  these 
inconveniencies.  Make  BR,  AR,  RF,  {Fig,  5.  PL  LXXI.)  each 
eopial  to  30  lieet;  BS,  3)  feet.  Draw  AG,  ¥g  paraUel  to  RS. 
Divide  SG,  ^  into  30  equal  parts,  or  30  feet ;  through  all  xhe 
points  of  division,  draw  lines  parallel  to  SR.^  as  TC.  Then,  upon 
each  of  these  lines,  set  off  from  SG  downwards  the  number  of 
^fieet  you  find  in  the  following  table,  respectively,  as  TC ;  then 
C  wUl  be  in  the  arch.  Do  the  same  for  the  side  Sg.  Then  the 
curve  FBCA,  drawn  throi^h  all  these  points  C,  will  be  the  arch 
.  required.  The  curve  is  easily  drawn  through  these  points^  by 
hdp  of  a  bow  held  to  every  three  points ;  or'  rather  to  four  or 
five  points  at  once ;  which  may  easily  be  done  by  two  or  three 
persons  holding  it. 


Value 

of  ST  in 

ftet. 

Value  of  TC  inl 

feet  and  dec. 

partfc 

Value  of 
ST. 

I 
Valaeof  TC. 

.Value  of 
ST. 

Value  of  TC. 

0 
1 
2 
3 
4 
5 

3.500 
3.517 
3.568 
3.653 
3.774 
3.931 

11 
12 
13 
14 
15 

5.754 
6.231 
.    6.769 
7.372 
8.047 

21 

22 
23 
24 
25 

14.014 
15,417 
16.970 
18.687 
20.585 

6 
7 
8 
9 
10 

4.127 
4.362 
4.639 
4.961 
5.332 

16 
17 
18 
19 
20 

8.799 

9.636 

10.567 

11.600 

12.745 

26 
27 
28 
29 
30 

22.682 
24.999 
27.557 
30.381 
•     33.500 
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If  the  thickness  of  an  arch  at  top,  BS,  be  supposed  to  be  3  feet, 
4  feet,  5  feet,  &c.  it  will  require  a  different  curve  to  be  const^cted : 
but  this  seems  to  be  strong  enough  for  the  bigness  of  the  arch, 
especially  if  built  of  strong  sound  stone.  Here  3  ^  feet  is  assigned 
for  the  thickness  of  the  arch ;  but  it  must  be  made  2  or  3  inches 
less,  on  account  of  the  parapet  wall,  for  this  adds  weight  to  the 
whole.  Also,  if  the  top  GS  b  not  exactly  horizontal,  but  is  2  or 
3  feet  lower  at  G  than  at  S,  the  thickness  BS  ought  to  be  2  or 
3  inches  less  upon  that  account ;  or  if  higher  at  G,  two  or  three 
inches  more :  out  these  niceties  make  no  sensible  difference  in 
practice. 

This  cunre  differs  from  the  catenary  (in  Jig,  3.)  For  at  the 
vertex  B  it  is  less  curve  than  the  catenary;  and  towards  A  it 
is  more  curve.  The  curvature  at  B  in  this  arch  is  very  near  that 
of  a  circle  whose  radius  is  BR.  And  the  curvature  increases 
from  the  vertex  B,  and  is  at  least  about  C. 

At  the  points  A,  F,  where  the  arch  springs,  it  rises  at  an 
angle  6f  73^  :  1',  above  the  horizon. 

If  an  arch  is  required  to  be  either  greater  or  less  than  this,  it 
is  no  more  than  taking  any  other  equal  parts  instead  of  feet ;  and 
setting  off  all  the  lines  by  these  equal  parts. 

In  diis  scheme,  I  have  drawn  a  circle  to  shew  the  difference  be- 
tween (hat  and  tins  arch.  The  like  I  have  done  in  figures  3  and  4. 
Whence  it  appears,  that  a  circle  circumscribes  all  diese  arches  of 
equilibration ;  and,  consequently,  a  circle  is  too  curve  at  the 
lower  parts,  or  at  the  haundi  of  the  arch. 

If  any  architects  or  builders  of  churches  or  bridges,  shall  please 
to  make  use  of  this  curve  here  constructed  (Jig.  5.)  for  the  form 
of  an  arch,  they  will  find  it  the  strongest  arch  possible  to  be 
made  for  tiiese  given  dimensions.  And  where  many  thousand 
pounds  are  laid  out  in  building  a  single  bridge,  it  is  certainly 
worth  the  pains  to  seek  after  the  form  of  an  arch,  which  shall  be 
the  strongest  possible,  for  supporting  so  great  a  weight.  And  it 
is  very  surprising  that  no  body  has  attempted  it.  Instead  of  that, 
all  people  have  contented  themselves  vnth  constructing  circular 
arches ;  not  knowing  that  different  pressures  against  the  arch,  in 
different  places,  require  different  curvatures,  which  does  not 
answer  in  a  circle  where  the  curvature  is  all  alike.  A  circle,  it  is 
true,  is  very  easily  described,  and  that  may  be  one  reason  for 
making  use  of  it :  but,  surely,  the  description  of  the  curve  here 
given,  is  very  easy,  by  the  foregoing  table,  and  can  create  no  diffi- 
culty at  all.  If  mere  be  any  difficulty  in  the  practice,  it  is  only 
in  cutting  the  stones  of  a  true  curvature,  to  fit  the  arch  ex- 
actly in  all  places;  but  this  is  easily  managed  with  a  little 
care,  by  taking  proper  dimensions ;  observing,  that  every  joint 
must  be  perpendicular  to  the  curve  in  that  point. 
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A  circle^  or  any  other  curve^  where  the  curvature  is  not  pro- 
perly adapted  to  Uie  weight  sustained,  is  not  capable  of  sustain- 
ing so  vast  a  weight,  but  must,  in  time,  give  way,  and  fall  to 
ruin,  except  the  mortar  happen  to  be  so  strong  as  to  keep  it 
together.  On  the  contrary,  tne  arch  here  described,  sustaining 
every  where  a  quantity  of  pressure  proportional  to  its  strength, 
will  never  give  way,  so  long  as  the  piers,  whidi  are  its  bases, 
stand  good ;  but,  by  virtue  of  its  figure,  ^nll  stand  firm  and  un- 
shaken, as  long  as  the  materials  the  arch  is  made  of  veill  last. 

As  to  the  piers,  their  thickness  may  be  |,  i,  or  |  the  width  of 
the  arch,  according  to  the  firmness  of  the  ground  they  are  to 
stand  on.  They  must  be  considerably  broader  than  the  bridge, 
reaching  out  on  each  side  into  the  water,  being  built  with  sharp 
edges  to  divide  the  stream.  At  the  bottom,  they  must  be  well 
fenced  with  sterlings  for  their  security.  The  outermost  pier  must 
be  built  far  backvrards,  to  sustain  the  oblique  pressure  of  tiie 
arch,  which  has  nothing  else  to  butt  against ;  otherwise  the  pier 
or  buttress  will  yield  to  the  pressure  of  the  arch,  and  the  arch 
will  break. 

Another  construction. 

In  the  former  construction,  I  made  the  height  BS  to  be  only 
3}  feet  But  as  that  may  be  reckoned  too  weak  for -an  arch  of 
60  feet  wide,  like  Westminster  bridge,  where  the  height  above  the 
arches  is  8  or  10  feet;  therefore  I  have  here  given  4  new  table 
for  constructing  the  arch  of  a  strong  bric^,  cdculated  upon  the 
same  principles  as  the  former,  being  7  feet,  all  the  other  dimei^' 
sions  remaining  the  same. .  This  arch  rises  froni  the  pier  at  an 
angle  of  70°  20'.  In  the  former,  I  set  off  all  the  points  of  the 
curve  from  the  line  SG ;  in  this,  I  set  them  off  from  the  line  BEE, 
wbidi  is  a  tangent  to  the  top  of  the  arch  at  B. 

The  construction  is  thus.  Having  dravm  the  line  EBH  through 
the  top  B  of  the  arch  parallel  to  the  base  AF,  take  from  the  table; 
col.  1,  any  length,  and  set  it  from  B  in  the  line  BE,  as  to  L,  and 
from  R  to  I,  and  draw  the  line  LI ;  then,  from  col.  2.  of  the 
table,  take  the  correspondent  length  of  LC,  and  set  it  from  L  to 
C,  in  the  line  LI ;  then  C  is  a  point  in  the  curve.  And  thus  all 
the  other  points  of  the  arch  must  be  found ;  and  then  a  curve 
drawn  regularly  through  them  all,  gives  the  form  of  the  arch. 
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V^lae  of 
BLin 
ftet 

Value  of  LC  in'      „* 

■  '^     II 

LC 

BL 

LC 

1 
2 
3 
4 
.5 

0.021 
.086 
.194 
.346 
.543 

16 
17 
18 
19 
20 

6.251 
7.173 
8.183 
9.285 
10.488 

254 

26 

264 

27 

274 

19.252 
20.208  ^ 
21.316 
22.412 
23.558 

7 

8 

9 

10 

.787 
1.078 
1.419 
1.811 
1i.258 

1     20) 
1     21 
214 
2d 
^2i 

11;129 
11.798 
12.495 
13.223 
13.981 

28 

284 

29 

294 

30 

24.741 
25.978 
27.266 
28.605 
30.000 

11 
12 
13 
14 
15 

2.761 
3.324 
3.951 
4.644 
,5.409 

23 

23| 

24 

244 

25 

14.772 
15.596 
16.455 
17.349 
18.281 

ExampleXVII.  (f%.  1.  PL  LXXn.) 

QCF  Is  the  weighing  engine  at  the  turnpikeii,  for  weigfaing^toiid 
waggons. '  CD  is  a  strong  beam  of  wood,  moving  about  the  eMK 
tre  I.    £F  a  steel-yard,  m6yeable  about  the  centre  H,  and  mmd* 
pended  at  D,  bv  the  iron  hook  DH.     PA  several  iron  ckaintL 
suspended  at  a  hook,  moveable  about  the  centre  P;  PH  is  about 
3  or  4  inches,  HF  about  10  or  12  feet.    The  4  chains  at  A  are  lo; 
put  round  the  waggon.    F  a  leaden  weight  fixed  at  the  end  F^ 
whose  weight  is  about  1|  hundred  weight.    G  a  moveable  wei|^ 
of  t  of  a  hundred  weight ;  this  is  moved  along  the  graduated  beast 
HF,  at  pleasure.    KNL  a  scaffold  to  walk  on.    CS  is  a  dbam 
hanging  at  C,  and  fixed  to  the  brass  pulley  S.    Round  this  puUegr . 
goes  the  rope  M SR,  whose  end  M  is  fixed  to  the  cross  bar  QQ  of ' 
die  frame  QQIT.    In  this  frame,  the  wheels  and  axles  1,  2,  3 
move  round;  being  turned  by  the  handle  B,  fixed  to  an  iroo  . 
wheel  or  fiy.    These  wheels  and  trundles  are  iron :  the  trundles 
contain  11  teeth,  the  wheels  about  60.    The  rope  R  is  wound  , 
about  the  wooden  axle  3,  being  5  or  6  inches  diameter.    At  the- « 
end  of  the  axle,  opposite  to  B,  is  anodier  handle  to  be  used  upox 
occasion.    The  frame  QT  is  fixed  fast  in  the  ground,  that  it  maj  . 
not  be  pulled  up.  The  beam  CD  and  steel-yard  £F  move  between .  <. 
the  cheeks  KZ  and  NX,  which  serve  to  guide  them^  and  likewise 
strengthen  the  frame  they  move  in,  which  frame  is  tied  together 
with  several  braces,  as  NO,  VO,  &c. 
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When  any  waggon  is  to  be  weighed,  the  4  chains  A  are  hooked 
round  it,  and  a  man  turns  the  handle  B ;  which,  by  turning  the 
wheels,  winds  the  rope  about  the  axis  3,  which  pmls  down  the 
end  C,  which  raises  tne  end  D  of  the  leyer  CD.  Th#  end  D 
raises  the  steel-yard  £F,  with  thff  rhains  A,  and  the  wamm ;  and 
a  man  upon  t^e  scaffold  NL,  moves  die  weight  G  tillit  be  in  equi- 
librio;  and  the  divisions  of  the  beam  shew  how  much  the  waggon 
is  above  60  hundred  weieht. 

In  some  engines,  the  beam  CD  is  wanting;  instead  <if  vAddk, 
there  are  two  blocks  and  pollies,  tbe..upper-jQne.  fintPhed  to  a 
crossbeam  2pC,  the  lower  is  hooked  to  the  piece  DH,  and  the 
rope  goes  frdm  the  top  block  to  the  axis  S;  bat,  in  this  case, 
the  axis  of  thei  wheels  are  parallel  to  the  side  of  the  machine;  and 
not  perpendicular,  as  they  are  in  the  former;  and  then  there  is 
but  one  wheel  and  pinion,  each^f  iron;  the  wheel,  of  110. or  120 
teeth,  and  pinion  11 . 

•  Lsbstly,  in  some  machines,  that  likewise  want  the  beam  CD, 
tbe  wheels  and  axles  1, 2,  3  are  placed  in  the  top  of  the  madiine, 
4>ove  ZX ;  where,  being  turned  round,  they  raise  the  beam  £F, 
either  by  a  rope  going  from  it,  or  by  blocks  and  pnlHes. 

Example  CVIU.  {Fig.  1.  PL  LXXIII.) 

<»HR£  is  a  large  organ.  HIH  the  tound  board;  this  is  com- 
pcMd  of  two  boards,  the  iq)per  boardy  or  cover  HUH,  and  the 
mtSir  one  III,  which  is  far  thicker  than  the  upper  one.  Eadi 
of  these  is  made  of  several  planks  laid  edge-ways  together,  and 
j4ibed  very  close.  In  the  under  side  of  tlie  under  board,  there 
and  several  channels  made,  running  in  direction  LL,  MM,  &c. 
ccAtkraed  so  far  as  is'  the  number  of  stops  in  the  organ ;  and 
cottsng  almost  to  the  edge  HK.  These  channels  are  covered 
ovir  very  dose,  with  leather  or  parchment,  all  the  way,  except  a 
hete  which  is  commonly  at  the  fore  end  next  HK,  upon  which 
a  yalve  or  puff  is  placed.  These  channels  are  called  partitions, 
yfhean  this  flap  or  valve  is  shut,  it  keeps  out  the  air,-  and  admits 
it  when  open.  On  the  upper  side  of  the  under  board  there  are, 
likewise,  cut  several  broad  square  gutters,  or  channels,  lying 
cross  the  former,  but  not  so  deep  as  to  reach  them ;  these  lie 
in  direction  LN,  PQ,  &c.  And  to  fit  these  channels,  there  are 
as  many  wooden  sliders  or  registers,  f,  f,  f,  &c.  running  the 
wbde  length ;  and  diese  may  he  drawn  in  or  out  at  pleasure. 
TbB  numlMr  of  these  is  the  same  as  the  number  of  stops  in  the 
•rwm. 

IKKR  ihe  wkid  chest :  this  b  a  square  box^  fixed  dose  to 
the  iftider  side  of  the  under  board,  and  made  air  tight,  so  that 
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no  air  can  get  out,  but  what  goes  through  the  TalTes^  along  the 
partitions. 

V,  V  are  the  valvei  or  puffi  which  open  into  the  wind  chest ; 
and  are  all  enclosed  into  it,  and  may  oe  placed  in  any  part  of 
h,  as  occasion  requires.  One  of  these  valyes,  with  the  spring 
that  shuts  it,  and  wire  that  opens  it,  is  represented  apart,  on 
the  left  hand. 

C,  D,  £,  F,  &c.  are  the  keya  on  which  the  fingers  are  laid, 
when  the  organ  plays.  These  keys  lie  over  the  horixontal  bar 
of  wood  W,  in  which  are  stuck  as  many  wire  pins  z^  Zy  on 
-v^ch  the  keys  are  put ;  and  the  ke]rs  more  up  and  down  upon 
this  bar  as  a  centre.  3  is  another  bar,  against  which  the  keys 
fall  when  put  down;  on  this,  also,  are  several  ¥rire8,  going 
through  the  keys  to  guide  them ;  and  on  this  bar  a  list  is  fi»t- 
ened,  to  hinder  the  knocking  of  the  keys  against  it 

Now,  the  keys  are  made  to  communicate  with  the  vabres  se- 
veral ways,  as  I  shall  now  describe.  <,  <,  s^  are  the  key  roUen, 
moving  on  the  pivots  ^,  t;  these  rollers  lie  horizontally  one 
above  another,  and  one  at  the  end  of  ano&er,  of  such  a  length, 
as  to  reach  from  the  valve  to  the  key.  a,  a,  a,  arms  or  levers 
fixed  to  the  key  rollers ;  to,  10  the  vmve  totru  fixed  to  the  arms 
a,  0,  and'  to  the  valves  V,  and  going  through  the  holes  A,  A,  in 
the  bottom  of  the  wind  chest.  6,  b,  b  arms  fixed  likewise  to  the 
key  rollers,  d^d^d  the  key  totret,  fixed  to  the  arms  fr,  b,  and  to 
the  keys  C,  D,  £.  Now,  putting  down  the  end  of  any  of  the 
keys  C,  D,  £,  it  pulls  down  the  arm  6,  by  the  wire  d,  whidi 
turns  the  roller  $  about,  with  the  arm  a,  which  puUs  down  the 
wire  m,  which  opens  the  valve,  which  is  shut  by  the  spring,  as 
soon  as  flie  key  is  let  go.  In  this  construction,  there  must  be 
a  worm  spring  fastened  to  the  key,  and  to  the  bar  W,  on  the» 
further  side,  to  keep  the  end  5  of  the  key  down. 

Another  method  of  opening  the  valves  is  this,  jy,  sy,  are 
slender  levers  moveable  upon  the  centres  1,  1.  5x,  5dr,  are 
vrires  going  fi:om  the  far  ends  of  the  keys,  to  the  ends  dr  odT  the 
levers.  ^V,  vV,  other  wires  reaching  firom  the  ends  y  of  the 
levers,  through  the  holes  h,  to  the  valves  V.  So  that  putting 
down  the  key  C,  D,  &c.  raises  the  end  5,  which  thrusts  up  the 
end  X  of  the  lever,  by  the  wire  5x;  this  depresses  the  eaay  of 
the  lever ;  which  pulls  down  the  wire  yV,  and  opens  the  valve 

A  third  way  of  opening  the  valves  is  this.  At  the  end  of 
the  key  6  is  a  lever  8,  9,  moving  upon  tiie  centre  7.  This, 
with  the  key,  makes  a  compound  fever.  From  the  end  9,  there 
is  a  wire  goes  to  the  valve.  Now,  pelting  down  the  end  6  of 
the  key,  raises  the  end  8,  which  depresses  die  end  9  of  the  lever 
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8  9,  and  pulls  down  the  wire,  and  openit  the  yalve.  I  have 
only  drawn  one  of  these  in  the  sdieme,  and  hat  a  few  of  the 
others,  to  avoid  confusion. 

Ry  R  are  the  rollers  to  move  the  sliders,  hy  help  of  the  urns 
ef,  cf,  which  are  fixed  horizontally  in  these  rollers,  he,  ke  9iTe 
levers  also  fixed  in  the  rollers.  &,  le  are  the  handles,  which 
lie  horizontally,  and  pass  through  the  holes  /,  /,  and  are  fiistened 
to  the  lever  ke,  heins  moveable  about  a  joint  at  e. 

Now,  any  handle  97  being  drawn  'out,  pulls  the  end  e  towards 
I,  which  turns  Rk  about,  along  with  ihe  arm  rf;  and  the  end 
/  puUs  out  the  slider  fg.  And  when  p  is  thrust  in,  the  ana 
^likewise  thrusts  in  me  slider  fg. 

Upon  all  the  several  rows  of  holes  which  appear  on  the  Um  of 
the  n^per  board,  are  set  upright  so  many  rows  of  pipes :  A  is 
a  Jlute  pipe  of  wood,  Z  ^  flute  pipe  of  metal,  Y  a  trumpet  pipe 
of  metal.  The  pipes  pass  through  holes  made  in  boards,  placed 
above  the  upper  board,  to  keep  them  from  falling. 

The  pipes  are  made  to  communicate  with  the  wind  chest,  after 
this  manner.  When  any  slider^  is  drawn  out,  holes  are  bored 
through  the  upper  board,  through  the  slider,  and  through  the 
under  board,  into  the  partition  below :  so  that  any  pipes,  pilaced 
upon  these  holes,  will  then  communicate  with  the  pcurtition; 
^niich,  by  its  valve,  communicates  vrith  the  wind  chest.  But 
when  the  slider  is  thrust  in,  the  holes  in  the  slider  do  not 
stand  against  the  holes,  in  the  upper  and  under  boards;  and 
the  communication  is  stopped,  so  that  no  wind  can  get  to  the 
pipe. 

qTy  qT  are  the  bellowt,  which  must  be  two  at  least,  g,  q  the 
^ing$ ;  O,  O  the  handles^  moving  upon  the  fixed ,  axes  nn,  nil. 
Badi  of  these  bellows  consists  of  two  boards ;  the  under  board 
is  fixed  immoveable.  In  this  there  is  a  valve  r  opening  inwards, 
and  a  tube  leading  to  it,  called  the  convening  tube.  There  is 
also  a  hole^  in  this  imder  board,  from  which  a  tube  leads  to 
the  port-^entf  which  is  a  square  tube  24,  rising  upwards,  and 
is  inserted  into  the  under  side  of  the  wind  chest  at  2.  And  in 
the  tube  leading  to  the  portrvent,  there  is  a  valve  which  opens 
towards  the  port-vent ;  wnidi  suffers  the  air  to  go  up  the  port- 
vent,  but  none  to  return.  All  the  bellows  are  constructed  after, 
the  same  manner.  Now,  the  handle  O  being  put  down,  raises 
the  upper  board  T,  and  the  air  enters  through  the  valve  r; 
and  when  the  handle  is  let  go,  the  weight  of  the  upper  board 
T,  (which  carries  3  or  4  lb.  to  every  square  foot,)  continwdly 
descending,  drives  the  air  through  the  port-vent  to  the  sound; 
board.  And  as  one  pair  of  bellows,  at  least,  is  always  descend- 
ing, since  they  work  alternately,  there  will  be  a  consjtant  Uast 
through  the  port-vent 

In  chamber  organs  there  is  but  one  pair  of  bellows,  which  con- 
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iists  of  three  boards^  in  nature  of  a  smith's  bellows ;  and  so  has  a 
continual  blast. 

All  the  inner  work  is  hid  from  sight,  by  the  iace  of  the  instru- 
ment standing  upon  36. 

As  many  partitions  LL,  MM,  &c.  as  there  are  in  the  sound- 
board, so  many  valves  V,  V,  rollers  s,  8,  or  else  so  many  levers 
jty,  or  89,  and  their  wires,  and  that  is  just  as  many  as  there 
are  keys  A,  B,  C,  D,  &c.  And  there  are  generally  61  keys,  with 
flats  and  sharps,  reaching  from  G  to  G,  the  compass  of  5  octaves. 
But  the  scheme  could  not  contain  them  all.  Likewise,  there  are 
as  many  handles  /,  /,  &c.  rollers  R,  R,  &c.  sliders  f,  f,  &c.  as 
there  are  different  stops  upon  the  organ.  And  it  must  be  ob- 
served, that,  between  the  sliders/,/,  &c.  there  are  as  many  sliders 
on  the  right  hand ;  and  the  same  number  of  handles  and  rollers, 
which  cannot  be  expressed  in  ibis  scheme.  And  other  rows  of 
•  pipes  placed  between,  LN,  PQ,  &c.  And  towards  the  middle  of 
the  oi^an,  the  least  pipes  are  placed,  and  the  least  partitions ; 
the  greatest  being  on  the  outside. 

Ti^ere  are  many  stops  in  some  organs,  but  generally  10  or  12 
on  each  hand ;  these  are  some  of  them ; — diapason,  principal,  fif- 
teenth, twelfth,  tierce,  cornet,  trumpet,  French  horn,  vox-humana, 
flute,  bassoon,  cremona,  &c.  and  a  contrivance  to  swell  the  notes 
of  some  of  the  stops. 

When  this  noble  instrument  is  to  be  played  upon,  put  down 
the  handle  O  of  the  bellows,  this  raises  the  upper  board  T,  and 
causes  the  air  to  enter  in  at  the  valve  r.  Then  that  handle  being 
let  go,  the  other  handle  O  is  put  down ;  during  this  time,  the 
board  T  of  the  first,  descending,  and  shutting  the  valve  r,  drites 
the  air  through  the  other  valve,  up  the  port-vent  into  the  wind 
ehest.  Then  drawing  out  any  handle,  as  the  flute  stop  pi,  this 
draws  out  the  aliderfg,  and  all  the  pipes  in  the  set  LN  are  ready 
to  play,  as  soon  as  the  keys  C,  D,  £,  &c.  are  put  down.  There- 
lore,  putting  down  the  key  D,  by  laying  the  finger  upon  it,  opens 
the  correspondent  valve  mV,  and  the  air  enters  through  it«  into 
tbe  pipe  X,  and  makes  it  sound.  In  the  same  manner,  any  other 
pipe,  m  the  set  LN,  will  sound,  when  its  key  is  put  down.  But 
no  pipe  in  any  other  set  PQ  will  speak,  Xbecause  the  communi- 
cation is  stopped)  till  its  slider/ is  drawn  out  by  the  correspond- 
.  ing  handle  t. 

Pipes  are  made  either  of  wood  or  metal ;  some  have  mouths 
like  flutes,  others  have  reeds.  The  smallest  pipes  are  made  of 
tin,  or  of  tin' and  lead.  The  sound  of  wooden  and  leaden  pipes 
is  soft.  Short  pipes  are  open,  and  the  long  ones  are  stewed ; 
flie  mouths  of  large  square  wooden  pipes  are  stopped  with  valves 
of  leiather.  Metal  pipes  have  a  htde  ear  on  each  side  df  the 
the  mouth,  to  tune  them,  by  bending  it  a  little  in  or  out.  What- 
ever note  any  open  pipe  sounds,  when  the  mouth  is  stopped  it 


Digitized 


by  Google 


Sect.  XIII.  COMPOUND  ENGINES.  243 

will  sound  an  octave  lower :  and  a  pipe  of  twice  its  oapaci^ 
will  sound  an  octave  lower. 

(J%.  2.  P/.  LXXIII.)  It  will  not,  I  thinkj  be  foreign  to  my 
design,  if  I  give  a  short  account  of  the  method  of  tuning  organs 
or  harpsicords.  But  I  must  first  premise  something  concerning 
the  scale  of  music.  It  is  known,  irom  undoubted  experiments, 
that  if  AL  be  a  string  of  a  musical  instrument,  and  if  the  string 
be  stopped  successively  at  Y,  s,  9,  p,  0 ;  and  i,  |,  },  |,  {  of  it  be 
made  to  vibrate,  it  will  sound  an  eighth,  a  fifUi,  a  fourth,  a  greater 
third,  and  a  lesser  third,  respectively. 

Now,  as  the  difference  between  the  fourth  and  fifth  is  accounted 
a  whole  tone,  whereof  there  are  6  to  make  up  the  octave,  there- 
fore, we  shall  have  } — 1,  or  i*s  for  the  difference  of  the  strings, 
that  are  to  sound  a  note  one  above  the  other,  whereof  the  greater 
is  }.  Consequently,  if  the  string  is  1,  that  difference  would  be  \, 
Therefore,  %  of  any  string  will  sound  a  note  higher ;  and  %  of  this 
second  would  sound  2  notes  higher  than  the  first ;  and  |  of  this 
third  would  sound  3  notes  higher  than  the  first,  &c.  and  this 
being  6  times  repeated  to  make  up  an  octave,  we  shall  have 
1x1x1x8x1x1  =  ^9  as  it  would  be  if  the  note  was  exact, 
but  that  product  is  less,  being  but  .4933 ;  and,  therefore,  §  is  too 
small,  and  \  too  great,  for  a  tone.  And  6  of  these  notes  do  not 
exactly  make  up  an  octave. 

After  the  same  way,  if  we  take  the  difference  between  the 
fourth  and  lesser  third  for  a  whole  tone  (  | — |),  we  shall  get  tV 
of  the  string  for  a  whole  tone,  but  this  will  be  found  to"  be  too 
great,  being  .5314,  instead  of  .5 ;  therefore  ^9  is  too  small  for  % 
note. 

If  we  try  by  half  notes,  we  shall  still  be  no  better.  The  lesser 
third,  the  greater  third,  and  the  fourth  differ  by  half  a  note ;  of 
which  there  ought  to  be  twelve  in  the  octave.  In  the  former 
case  we  get  i|  for  the  length  of  the  string,  in  the  latter  ^| ; 
and  ^  or  ^  for  the  lengA  of  half  a  note.  The  first  is  far  too 
little,  and  tne  latter  as  much  too  big. 

•  As  none  of  these  notes  or  half  notes  will  make  up  an  octave, 
so  neither  will  any  number  of  thirds,  fourths,  or  fifths,  make 
one  or  more  octaves.  A  lesser  third  contains  3,  a  greater 
third  4,  a  fourth  5,  and  a  fifth  7  half  notes.  Therefore,  4  lesser 
thirds,  or  3  greater  thirds,  make  an  octave ;  and  12  fourths  should 
make  5  octaves;  and  12  fifths  7  octaves.    But  if  this  was  so, 

then  v^e  should  haveT^  *  =:  i, T' » =  i,  andT^  la  —^  *  (that 

iTp    V  =  4),  and  i»  y  =  4.    But  never  a  one  of  these  is  so. 
And  hence  we  may  conclude,  that  no  scale,  made  up  of  these 
notes,  or  half  notes,  or  any  combinations  of  them,  or  of  thirds 
or  fifidis,  &c.  can  be  perfectly  exact. 
Nowy  to  contrive  a  scale  to  answer  as  near  as  possible  «II  the 
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requisites ;  let  AL,  Am,  An,  Ao,  Sec.  to  AY  or  \  AL,  be  13 
geometrical  proportionals ;  then  these  strings  AL,  Am,  An,  &c. 
will  sound  all  the  half  notes  in  the  octave,  gradually  ascending. 
Therefore,  if  AL  be  put  =:  1,  AY  =:  ^ ;  Am,  An,  A6,  &c.  being 
so  many  mean  proportionals  between  1  and  ^  will  be  found,  as 
set  down  in  the  following  table. 


Corda. 

StriQgl. 

Notes  equaUy 
aaoending. 

PlUBCODOOldS. 

Enon. 

grouml 

ifseamd 

mteeond 

AL 
Am 
An 

1.00000 
.94387 
.89090 

1.00000 

0 

let.  third 
gr.  third 
fourth. 

Ao 

% 

.84090 
.79370 
.74915 

.83333 
.80000 
.75000 

St}. 

ikfowrth 

k$.  sixth 
gr.  sixth. 

At 
As 
At 
An 

.70711 
.66742 
.62996 
.59460 

.66666 
.62500 
.60000 

t»A 

ifsevetah 
1^  seventh 
eight 

Aw 
Ax 
AY 

.56123 
.52973 
.50000 

.50000 

0 

In  this  table,  the  3d  column  shews  the  lengths  of  the  yibrating 
string,  when  the  scale  ascends  by  equal  degrees  of  sound,  or 
when  -all  the  half  notes  are  equal. 

The  4th  col.^shews  the  length  of  the  string  to  sound  the  pure 
concords. 

The  last  col.  relates  only  to  the  concords :  and  shews  the  error  of 
the  3d  col.  expressing  what  part  of  a  whole  tone  it  is ;  and  whether 
It  is  below  (express^  by  -(j)  or  above  (by  ft).  By  this  col.  we 
oaii  judge  how  the  scale  in  the  3d  col.  will  perform.  And  these 
errors  are  found  by  comparing  the  3d  and  4th  col.  together.  As 
suppose  you  would  know  what  it  is  in  the  fifth,  we  shall  have 
66742—66666=76,  and  70711-— 62996=7715,  which  represents 
a  tone  in  that  place.  Then  ^ff x  or  j^  is,  the  error,  which  is  but 
the  hundredth  part  of  a  whole  tone.  And  as  the  number  in  the 
3d  col.  is  greater,  it  shews,  that,  by  4his  scale,  the  fifth  is  flatter 
than  it  ought  to  be.  And  so  are  the  rest  of  the  errors  found  oul^ 
and  examined. 

Now  it  is  evident,  that  the  error  in  a  fifth  or  a  fourth  is  quite 
insensible  in  practice ;  but  the  thirds  and  sixths  suffer  the  most. 
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being  in  sodqa  but  the  IStfa  pert  of  a  note,  which,  perfaape,  mey  be 
sensible  to  a  good  ear;  but  then  it  will  not  be  so  peiceptible  in 
a  third  as  it  would  be  in  a  fifth ;  because  a  diird  is  less  perfect 
than  a  fifth.  And  the  sweeter  the  cord,  the  more  easily  is  an  im- 
perfiBotion  discovered.  Now,  although  these  trifling  errors  will 
take  away  something  from  the  sweetness  of  the  harmony,  and 
wiU  hinder  the  scale  ficom  being  absolutely  perfect,  yet  there  is 
no  remedy  in  it^  but  what  is  worse  than  the  disease. 

As  to  the  tuning  this  instrument,  it  is  plain  that  the  notes 
ought  not  to  be  tuned  by  perfect  fifths,  for  the  upper  note  will 
always  be  the  hundredth  part  of  a  note  too  high.  And  since  one 
must  take  12  fifths,  before  he  can  come  at  the  same  note  again, 
whence  he  set  off,  there  will,  at  last,  be  an  error  of  iV^  or  i  of  a 
note,  which  is  very  discoverable  in  a  fifth.  The  method  therefore 
to  be  taken,  is,  to  make  the  upper  note  a  very  little  flatter  than 
a  perfect  fiifih,  by  first  tuning  it  perfect,  and  then  lowering  it 
a  jtmall  matter,  but  not  so  mudi  as  to  offend  the  ear.  And  sdter 
you  have  thus  gone  through  the  octave,  if  you  find  the  last  note 
either  too  high  or  too  low,  begin  anew,  and  alter  them  all  alit^e, 
according  to  your  judgment,  till  the  last  does  agree :  but  this 
judgment  is  to  be  attained  principally  by  practice.  Upon  the 
first  octave  being  rightly  tuned,  all  the  rest  depend;. and,  therefore, 
one  ought  to  be  very  exact  in  it ;  for,  in  all  the  rest,  there  is  no- 
thing to  do  but  to  take  the  eighths  above  and  below.  And  you 
ought  to  begin  to  tune  about  the  middle  of  the  instrument. 

Those  that  tune  by  thirds,  ought  to  take  the  upper  note  of  the 
greater  third,  as  sharp  as  the  ear  will  bear.  And  lesser  thirds 
should  be  -taken  as  ilat  as  they  may. 

Most  people,  in  tuning,  take  some  of  the  fifths  perfect,  and  leave 
otbers  imperfect;  which  they  call  bearing  notes.  But  this  is 
attended  with  great  inconvenience :  for  the  music  ought  to  be  so 
set,  that  no  fifth  ought  to  fall  on  any  of  these  bearing  notes, 
which,  instead  of  being  a  perfect  concord,  will  be  no  better  than  a 
discoid,  since  the  error  in  these  bearing  notes  is  very  great.  For 
if  there  is  but  one  in  an  octave,  its  error  is  i  of  a  note ;  if  two  of 
them,  and  both  alike,  i^s  of  a  note.  Now,  if  these  people  be  so 
nice  as  to  distinguish  liv  part  of  a  note,  much  more  would  they 
be  offended  at  |  or  i^i.  And  always  to  avoid  taking  the  fifths 
upon  these  notes,  v^en  they  come  naturally  in  the  way,  would 
be  cramping,  and  even  spoitin^  the  music.  And  another  dis- 
advantage would  arise,  that  a  piece  ,of  music  could  not  be  trans- 
posed upon  any  key  at  pleasure,  whatever  need  there  might  be 
tor  it ;  but  must  be  tied  down  to  a  very  few.  And  if  this  method 
could  cure,  in  any  measure,  the  errors  of  the  fi^hs,  yet  it  would 
not  at  9M  mend  &OBe  of  die  thirds,  which  are  fiir  greater.  And 
if  any  one  third  should  happen  to  be  bettered,,  it  is  certain  that 
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others  will  be  made  as  moch  worse>  and  will  be  turned  into 
discords. 

Some  that  like  not  the  equiharmonic  or  uotonic  icale,  above  de- 
scribed, would  compose  a  scale  of  several  sorts  of  tone»  and  semi- 
tones, as  hf  ^f  ftnd  tVy  ij,  is,  1V9  its,  &c.  but  what  end  can  this 
answer?  it  is  very  easy  to  shew,  that  if  some  cords  may  be  taken 
perfect,  others  will  be  miserably  bad,  and  degenerate  into  discords. 
But  thu  scheme  seems  to  be  built  only  upon  the  consideration  of 
abstract  numbers ;  for  it  regards  only  this,  bow  to  make  several 
fractional  quantities  resolve  themselves  into  othersmore  simple^ by 
multiplication ;  which  is  a  thing  of  no  manner  of  use  in  music. 

Others,  to  avoid  the  badness  of  the  cords  which  fall  in  some 
places,  have  invented  quarter,  notes ;  which  makes  the  music  ex- 
tremely hard  to  play ;  and  is,  besides,  &r  from  answering  the  end 
proposed.  Therefore,  upon  the  whole,  I  cannot  but  think  the 
•cale  above  described  to  be  the  best  for  practice.  For  so  small 
an  error  as  ^hv  of  a  note  in  a  fifth,  and  every  where  the  same, 
cannot  be  sensible,  or  do  much  hurt  to  the  music.  And  I  will 
venture  to  say,  that  the  very  alteration  of  the  weather,  in  24  hours' 
time,  by  heat  or  cold,  droaght  or  moisture,  will  have  such  an 
effect  upon  either  strings  or  pipes,  as  to  cause  a  greater  difference 
than  this  amounts  to.  There  are  imperfections  in  eveiy  thing, 
which  we  cannot  quite  take  away;  all  we  can  do,  is  to  make 
them  as  litde  as  possible. 

More  examples  of  the  constructions  of  engines  might  here  be 
added.  But  as  there  is  such  an  infimte  variety  in  the  world,  it 
would  be  an  endless  task  to  describe  all  the  kinds  of  them. 
Therefore  I  .think  it  needless  to  produce  any  more,  especially, 
since  their  construction  and  use  depend  upon  the  same  principles 
as  these  already  described.  And  if  the  reader  does  but  tho- 
roughly understand  the  powers  and  forces  of  these  before  men- 
tioi^,  he  cannot  be  at  a  loss  to  find  out  the  powers,  forces,  or 
motions,  of  any  other  machine,  though  never  so  compounded. 
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A. 

AIR  PUMP,  a  machine  to  draw  the  air  out  of  a  glass.    Fig.  1 . 

PI.IIL 
J^utofCy  the  spout  for  9k  jet  d^eau  in  a  fountain. 
AmpUtude^  the  distance  a  ball  is  shot  to. 
Anemoscope,  a  machine  for  shewing  the  point  of  the  wind.    See 

i%2.  P/.XL. 
AngU  of  ^pikationf  is  Hie  angle  which  the  line  of  direction  of  a 

power  makes  with  the  lever  it  acts  upon. 
of  mclmation,  is  the  angle  an  inclined  plane  makes  with  the 

horizon. 
qf  traction,  the  angle  which  the  direction  of  a  power  makes 

with  an  inclined  plane. 
Agueduei,  an  artificial  river^  or  tube  to  convey  water. 
Arbor,  die  axle  or  spndle  of  a  wheel.     Fig.  4,  e/.  PL  XVIII. 

s  ' 
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Archy  a  hollow  wall  made  of  a  circular  form,  to  support  any 

boildii^. 
Areometer,  an  instrument  to  measure  the  weight  of  liquors. 
Army  any  piece  of  timber  or  metal,  that  projects  horizontally  from 

some  part  of  a  machine. 
Axky  or  Axis,  the  line  or  spindle  about  which  a  wheel  turns  round. 

1^.4.  p/.xvm. 

Aik  m  peritrochioy  a  machine  for  raising  weights,  consisting  of  a 
¥dieel,  fixed  upon  a  cylinder  for  its  axis.    Fig.  3.  FL  III. 

B. 

Bakmcey  a  machine  to  weigh  bodies  in :.  one  of  the  medianic 

powers.    Fig.  6.  Fl.  XVIII. 
Balance  wheel,  the  fly  or  pendulum  of  a  watch. 
Saromfter,  a  machine  to  shew  the  weight  of  the  air  or  atmosphere. 

See%.4.  P/.XXVI.  ' 

Baroscope,  the  same  as  barometer :  a  weather-glass. 
Barrel  of  awheel,  is  the  axle>  or  cylindrical  body,  about  which 

the  rope  goes. 
of  a  pump,  is  the  hollow  part  of  the  pump  where  the 

piston  works. 
Birrs,  straight  pieces  of  timber  or  metal,  that  run  cross  from  one 

part  of  a  machine  to  another. 
Base,  the  foQt  of  a  pillkr. 
Baxil,  that  angle  the  edge  of  a  tool  is  ground  to. 
Batieuj  a  piece  of  tioiber  three  or  four  inches  broad,  and  an  inch 

thick. 
To  Batter,  to  lean  backward. 
Bauk,  a  long  piece  of  timber. 

Beak,  the  crooked  end  of  a  piece  of  iron,  to  hold  any  thing  &st. 
Beam,  a  large  piece  of  timber  lying  across  any  place. 
Beetle,  a  wooden  instrument,  or  mallet,  for  driving  piles. 
BeviU^  any  angle  that  is  not  right.  -  Aff  obliqiW  angle. 
Bhdc,  a  lump  of  wood. 
Blocks,  pieces  of  wood  in  which  the  sheevers  or  pullies  ruiij  And 

through  wh^ch  the  ropes  go;    F%:7.  FP:^IV:A,B. 
Bbife,  large  iron  l)ins*,  .  '     ' 

Bond,  the  fastening  several  pieces  of  timber  to^ether>  ekhsh*  by 

mortise  and  tenant,  dove-taililDg,  &d. 
Brace,  a  piece  of  timber  fix^d  obliquely  into  others,  to  stay  them 

firom  moving  ^ny  way. 
Brackets,  the  cheeks,  of  the  carriage  of  a  mortar.    A  cramping 

iron  to  stay  timber  work  ;allso  i\kfs  set  under  d  slielf  to  support 

il. 
Brads,  nails  Having  ho  broad  headsi 
Bridge,  any  horiiotital-beam,  ^c.  that  is  to  support  som^hin^/ 
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Bidments,  those  supports  on  whidi  the  feet  of  arches  stand. 
Buttress,  9i  piece  of  strOBg  wall  that  squids  on  the  outride  ot 
another  wall  to  suppof  t  it     • 

C. 

Capstan,  a  machine  on  board  a  ship,  to  hoist  the  masts,  or  raise 

any  weight.    Fig,2.  PLXXXVU, 
Cascade,  a  fall  of  water. 
Cataract,  is  a  precipice,  or  violent  liEdl  of  water  in  a  river,  throqgh 

high  rocks,  causing  the  water  td  fall  with  a  great  noise  and: 

foi^e.  ...  .0 

Catch, '  some  small  part  of  a  machine ;  whith,  in*  its  motion, 

hooks  or  ]a3rs  hold  of  some  other  part  to  stop  it.  - 
Centre  of  motion,  the  p6int  about  wnieh  a  body  moves. 
'—^  of  gravity,  the  point  upon  which  a  body  being  suspended, 

it  will  rest  in  any  position. 

of  magnitude,  a  point  equidistant  from  the  opposite '  ex«« 


tremes  of  a  body.    The  middle. 

of  percussion,  the  point  of  a  vibrating  body  that  gives  the 


greatest  stroke. 

Centre  pin,  a  pin  about  which,  as  a  oebtre,  a  body  moves.  • ' 
Chain  pump,  a  pump  having  several  buckets  fixed  to  an  endless 

chain,  which  goes  through  it,  and  is  moved  round  upon  an  axle. 

Chaps,  two  sides  of  a  machine  which  take  hold  of  any  thing. 
Cheeks,  two  upright  parts  of  a  inaohiiie,  a&dwtiring  to  one  another 

in  position  and  use.  ..../.,,.. 

CAitmoso^,  a  pendulum  tOrittiedSure  time.         '         •     ■, 
Clack,  a  sort  of  valve  winch  ift  flat,  like  a  board ;  serving  to  stop 

a  fluid  from  running  iD^t.     f%;9.  Pi..XLVn.  T.  a&pw 
Clampt,  when  the  edges  of  two  pieces  of  boards  are*  joined  to» 

ge&eiv  so  as  the  gittin  of  one  may  lie  cross  the  ipcain  'of  ihk 

other; 
Cla^,  a  sort  of  buckle  to  fiisten  any  thing. 
Cia^  hails,  those  widi  little  heads  to  sink  into  the  wood.      . 
Clam,  slender  crooked  pieces  of  metal- ih  a  niachine,'  which  serve 

16  move  or  hold  any  thihg.   .liong'teeth.. 
To  Clench  or  cUnch,  to  double  bafk  the  end  of  a  nail,  that  it  may 

not  draw  out  again.    To  rivefl 
Clench  nails^  nails  that  may  be  clinched. 
CocA^  a  brass  spout  to  let  %  flhid  rob  oat,.or  st6p  it  by  turning. 
Cogs,  the  wooden  teeth  of  a  gtt^ wheel.  •  "Fig.A.  PL  ^LII.  £. 
Cog-iohtel,  a  large  wfaed^niadei^f -timber^  where  the  teeth  staiHl 

perpendicular  to  th^  plkne  of  the  wkeel.  ^  J^.'l.  PL  XUI.  £. 
Collar,  a  ring  of  metal^that  goes  about -any  tbing»  near  the  top, 

in  which  it  turns  round.  "^ 
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Cohum,  the  shaft  or  trunk  of  a  pOIar. 

Conirate^heelf  a  wheel  in  a  clock,  where  the  teeth  are  jparallel  to 

the  axis,  and  stand  on  the  under  side  of  the  rim,  and  the  same 

as  shewn  at  Fig,  2.  PL  XX. 
Corbdy  a  piece  of  timber,  or  stone,  set  under  another  piece,  to 

discliarge  the  weight. 
Crabf  a  small  capstan  with  three  claws,  to  be  plstced  on  the 

ground,  moveable  from  one  plane  to  another.    Thb  is  called  a 

flying  capstan. 
Orane^  a  machine  for  hoisting  goods  out  of  a  ship,  or  for  raising 

timber  or  stone.    Fig.  2.  P/.  XXIX. 
Cranky  that  part  of  an  iron  axis  which  is  turned  square  with  an 

elbow.    i%.  2.  Fl.  XXXII.  1 1. 
Oms-lrfe,  am>rizontal  beam  fixed  across  another. 
Cftno,  a  strong  square  bar  of  iron,  forked  at  the  end,  to  remove 

heavy  timber,  &c.  by  using  it  with  the  hands.  < 

CnwiMDkeel,  in  a  clock  or  watch,  is  that  next  the  balance ;  its  teeth 

stand  in  the  upper  side  of  the  rim,  and  not  in  the  edge.   Fig,  3. 

Fl.  XVI.    FG. 
Cupola^  a  hollow  arched  tower,  in  form  of  a  hemisphere^  or  of  a 

bowl  tunued  upside  down. 


Bemxhff  is  a  greater  or  less  quantity  of  matter  contained  in  a 

given  space. 
Betrntij  are  those  stops,  which,  being  lifted  up,  the  dock  strikes ; 

and  falling  down,  she  stops. 
Dog  naih,  nails  used  for  fastening  hinges. 
JDome,  a  round  vaulted  roof  or  tower.    A  cupola. 
Dormant,  a  great  beam  lying  cross  a  house.    A  summer. 
Dormer,  a  window  in  the  roof  of  a  house* 
D^fve4aUia£f  letting  one  piece  of  timber  into  another,  with  a 

joint  in  form  of  a  dove's  tail,  being  broader  at  the  end,  that  it 

may  not  draw  out  again. 
Drum,  the  lantern  or  trundle,  which  is  carried  by  a  great  wheel. 

Fig.A.  FLXLVl.   EF. 
Drum  head,  a  timber  head,  or  lump  of  timber,  in  form  of  a  drum. 


Edging,  the  outside  or  border. 

EiSieti  chain,  a  chain  with  the  ends  joined  together ;  by  which 

any  part  of  a  machine  is  wrougjit. 
JBntfcff  icrew,  a  screw  working'  in  the  teeth  of  a  wheel;  vrhich 

may  be  tomedabout  for  ever.    Fig.  1.  Fl  XX.    £. 
Enffine,  a  mechanical  instrument  composed  of  wheels,  levers, 

screws,  &c.^ 
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EoUpyle,  aboUowglobe  of  metal,  filled  with  water,  and  put  in 

the  fire ;  the  heat  and  vapour  rushes  out  at  a  small  hole,  with 

a  ^at  noise.    Fig.  3.  PI  XLV. 
EqtmUfrium,  the  equality  of  weight,  of  two  or  more  bodies,  &€• 

keeping  one  Another  at  rest 
JEjfe,  a  hole  in  some  part  of  a  machine,  through  which  any  thing 

is  put. 

Esde,  the  foot  or  foreside  of  a  machine,  or  of  some  principal  part 

of  it. 
Fof^,  some  small  piece  of  metal  like  a  long  tooth,  that  by  its 

motion  moves  some  other  part. 
FeUie$,  pieces  of  wood  on  the  outside  of  a  wheel,  which  make  the 

rim. 
Ferrilf.z  sort  of  hoop. 

JF%afo,  the  flat  boatds  set  perpendicvdar  on  the  edge  of  a  water- 
wheel  i  by  which  the  water  drives  the  wheel  about.  Fig.  1. 

PL  XXXII.    P,  D. 
Ffy,  that'  part  in  a  clock^  Sec.  that  regulates  the  motion,  and  makes 

it  uniform.     Figure$  5,  6,  7.  PL  XVI. 
Farce,  any  thing  that  acts  upon  a  body  to  put  it  in  motion. 
Force  pump,  a  pump  th^t  discharjg;es  water  by  pressing  it  upwards. 

FigureA  and  2.  PL  XfiVIE 
Frmne,  the  outwork  of  any  machine,  or  what  holds  all  the  rest 

together. 
JViee,  clear  of  all  impediment. 
FHfition,  the  resistance  that  bodies  have  by  rubbing  against  one 

another. 
Ikdcrum,  that  which  siipports  a  lever  in  moving  any  heavy  body. 

G. 

Gain,  the  levelling  sfaotdder  of  a  joist  or  other  timber. 
Gin,  a  machine  to  raise  great  weights.    Fig,  1.  PL  XUI. 
CWt^t^,  the  weigfaft  of  Ibodies;        - 

— r. —  ^cific,  by  this  one  body  weighs  more  or  less  than  another 
of  the  same  bnlk.* 

>  relative,  is  the  weight  of  a  body  in  a  fluid,  or  on  an  in- 


clined plane. 

Groove,-  a  channel  cut  in  wood  or  stone.  .  <    . 

Gudgeons,  the  eyes  in 'the  stem  of  aahip,  on  which  the  rudder 

hangs.    The  centre  pins  of  an  axle. 
GifraSan,  a  whirling  round. 

'•    -        ,  ^.-    L 

Hand,  an  index  or  pointer. 
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Mandle,  the  part  of  aa  instrument  to  take  hM  on  with  the  hand. 

Bartd-spikef  a  wooden  lever  to  be  used  with  the  handy  in  moving^ 
any  thing. 

Head,  the  top  part  of  any  tfaii\g.    ~  . 

Hem,  the  edge  of  some  cloth  turned  dowii  and  sewed, 

Hinge,  an  iron  joint  on  which  a  door  turns,  &c. 

To  Hitch,  to  catch  hold  on,  with  a  hook  or  turn  of  a  rope. 

To  Hoige,  or  hoist,  to  heave  up,  pr  raise  by  force. 

Hook  pirn,  taper  iron  pins  with  a  hook  head,  by  which  they  are 
struck  out' again.  TIrey  serve  to  pin  the  frame  of  a  roof  or 
floor  together,  till  wrought  off. 

Hoop,  a  circular  ring  to  put  about  any  thing,  to  keep  it  fast. 

Hydratdics,  the  art  of  making  engines  for  water  works.  > 

l&drometer,  an  iastroment'  to  measure  the  density  of  fluids.  J^.  3. 
PL  XLVII. 

Hydrostatics,  a  science  teaching  the  weights,  pressures,  motions, 
and  properties  of  fluids. 

Hydrostattcal  hahmce,  an  instrument  for  finding  the  specific  gra- 
vity of  bodies.        ,  *    ■        .        . 

Ehgrvmeter,  >  an  instrument  fbr  meiasuring  the  moisture  and  dry* 

Hygroscope,  J     ness  of  the  air.,   Fig.4,  PLXLV, 


Jack,  an  engine  to  lift  iip  a  loaded  cart,  or  the  roof  of  a  house,  &g. 

See  Fig.  1.  PL  XXXVIII.    Also  an  engine  to  roast  meat 

Bg.  1.  PL  XLIII. 
Jack  pump,  a  chain  pump. 
Jaums,  door  posts,  or  window  posts,  &c. 
Jet  d^eau,  the  pipe  of  a  fountain,  which  spouts  up  water  into 

the  air.    Pig.  1.  PL  LVII.  ' 

Impetus,  any  blow  or  force  wherewith  one  body  strikes  or  impels 

another. 
Joint,  th^  place  where  one  part  is 'fixed  into  another,  or  moves 

about  it. 
Joists,  those  pieces  of  timber  fi-amed  into  the  dormant,  in  a  house, 

and  On  which  the  boards  of  the  floor  are  laid.  - 

Keys,  stones  in  the  top  of  an  arch,  to  bind  the  sweeps  together. 
Kenk,  a  snarle,  or  little  turn  iipon  a  rope,  that  it- cannot  run. 
Knee,  ^  crooked  or  angular  branch  of  timber. 

L. 

Jjonterri,  that  part  which  is  moved  by  the  cogs  of  a  great  wheel 
acting  against  the  spindles  or  rounds.  Tne  drum.  Fig.  1 
P/.XLVI.    EF.  • 


Digitized 


5d  by  Google 


EXPliANAXION  OF  TEXLfa&^  259 

Latch,  that  which  fii^tetis  a  dpor»  &ie. ,  A  mecXc 

Leaner,  or  /ever,  a  bar  of  iron  or  wood  to  raise  a  weight :  one  of 

the.xBe<^iaAic.powen(«.  . 
Ijuso€$,  the  teeth  of  a  pinion.     T^.  4.  P/.  XVIII.  c.  cc 
Xet^e,  a  flat  honliery  or  plai%  adjoikiiiigto  athing. 
i^eve/;  an  instrument  to  place  any  ikJiiQ^JbDrisont^ 
Linchpin,  a  pin  that  keeps  A  wheel  from  coming  off  its  axle. 
Ir^;  a  thuii  .eage  toite^  hollow. 
Loop,  a  piece  of  metal  having  a  hole  in  the  end^  which  goes  over 

lometliiog.    A 'noose  in  a  rope  that  will  slip. 

.'  ■.!.'•  ^      M.  .  '    ■  . 

Marine,  a  me<^ani(^rinstiiim^nt  f6r  moving  bodies. 

Mechanics,  a  science  that  teaches  the  principles  of  motion,  and 
construction  of  engihes>  to  move  greab  weights. 

Mechanic  powers,  are  these  six;  the  balance,  lever,  wheel,  pulley, 
screw,  and  wedgel :  and,  according  to  some,  the  inclined  plane. 

Mitre,  an  angle  of  45  degrees,  or  half  a  right  one.  An  halfmtrt 
is  a  quarter  of  a  right  angle. 

Momentum,  quantity  of  motion ;  or  the  force  or  power  a  body  in 
motion  has  to  move  another. 

Mortise,  a  square  hole  cut  in  a  piece  of  stuff,  to  receive  the 
.  tennant. 

Motion,  is  the  successive  change  of  place  of  a  body ;  or  its  pass- 
ing from  one  place  to  another. 

Moving  force,  any  active  force  or  -gpwer  that  moves  a  body. 

Mouth,  the  part  or  parts  of  a  niachine,  that  take  hold  of  any  thing. 
The  entrance  into  any  cavity. 

N.    •  *  -     >  ■        " 

Nmte,  or  Naff',  the  block  in  the  middle  of  a  wheel. 
Neck,  a  part  near  the  end,  cut  small. 
Notdt,  a  deut,  nick,  or  slit,  made  in  any  thing. 
Nut,  the  pinion  of  a  wheel.    Fig.  4.  PL  XVIII.  AB.    A  small 
piece  01  metal  going  upon  the  «nd  of  a  screw  nail. 

■    ■  o.  ■  ■     •  ' 

Oscillation,  the  vibration  or  swinging  of  a  pendulum. 

P. 

Paddleg,  a  sort  of  4Mus.    Ibe  laddie  boasds  on  the  edge  4)f  a 

water-wheeL 
Pedegtal,  the  base  or  bottom  of  a  pillar.. 
Peers,  or  Piers,  a  sort  of  buttreues^  for  support  and  strength. 
Peg,  a  pm  toigo  into  a  hoie. 
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FaMbum^  a  wei^thang  by  a  striiq^  or  wiie,  swinipng  back  and 

forwaidy  to  mfeasute  time. 
Penttock,  the  sltiice  or  door^  that  opens  or  ainits  the  passage  of  the 

water  to  a  water-wHeeU 
Fercustiony  the  striking  of  one  body  against  another. 
Peif/^,  a  long  piece  ot  wood  or  metal/ wfaidi  rises  up  and  ialls 

down  again  to  beat  or  braise  something. 
FevetSy  or  Fioots,  the  ends  of  the  spindle  of  the  wfaed  in  a  doek 

or  any  madtine,  which  play  in  die 
Fevet  holeSf  the  holes  in  wtiidk  the  ends  of  a  spindle  or  axle  of  a 

wheel  torn.    Fig.  4.  FL  XVm.    «,/. 
Fkketf  a  stake  pointed  with  iron,  to  dnye  into  the  ground. 
FtUar,  a  perpendicular  column^  supporting  one  end  of  an  aidi, 

&c. 
Ptnion,  a  little  wheel  at  one  end  of  the  spindle,  consisting  but  of 

a  few  leaves  or  teeth.    Fig.  4.  Fl.  XVUl.   AB. 
FiUon^  a  round  piece  of  wood,  moTing  up  and  down  within  the 

body  of  a  pump,  to  draw  up  the  water. 
Flate,  a  piece  o^  timber,  on  which  some  heavy  work  is  firamed,  as 

wall-plate,  &c.  ^A^at  piece  of  metal. 
Fneumatics,  a  science  teaching  the  properties  of  the  air. 
Fokf  a  long  stafiP,  or  slender  piece  of  wood. 
Fottf  a  perpendicular  or  upright  beam  of  wood. 
Fower,  the  force  applied  to  an  engine  to  raise  any  weight    Or 

any  force  acting  upon  a  body  to  move  it. 
To  Project,  to  jet  out  or  hang  over. 
FrafectUes,  balls  or  any  heavy  body  thrown  into  the  air. 
JVop,  a  stay  or  support  for  any  thing,  to  bear  it  up. 
Fuiiey,  a  small  wneel  vrith  a  channel  in  the  edge  of  it,  moving 

about  an  axis  fixed  in  a  block ;  the  channel  is  to  receive  a 

rope  or  chain  that  goes  over  it.    One  of  the  mechanic  powers. 
Funq}f  an  engine  to  raise  water.    JP^.  2.  FL  XXIII. 
Fwickins,  short  pieces  of  timber,  placed  upright  to  support  some 

weight 

R. 

Ra^-ioheelj  the  banel  or  wheel  in  a  chain  pump.    Fig,  3.  Fl.  XL. 
RaUt,  small  pieces  of  wood  joined  into  others ;  those  pieces  into 

which  the  pannels  of  doors,  &c.  are  fitted. 
Rammer,  an   instrument  for  driving  stones  or  piles  into  the 

ground,  or  beating  the' earth. 
Bmdm,^^  distance  to  whidi  a  ball  is  shot 
B/xngpy  the  direction  a  ball  is  shot  in,  fix>m  a  piece  of  ordnanee. 
To  Range,  to^run  straight, .or  directly  in  a  line. 
To  Reeve,  to  pass  a  rope  -through  any  hole. 
Return,  the  side  that  tuhis  ofi'fix>m  any  piece  of  strug^t  work, « 
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RibSf  slendier  pieces  of  timber,  sennng  for  strength  and'  snpport^ 

Bigleiiy  little  flat,  thin,  square  pieces  of  wood. 

Km,  the  circular  part  or  outside  of  a  ^hcfel. 

To  Eivet,  to  batter  down  the  end  of  a  nail,  that  it  draw  not  out 

again. 
Mbdf  a'  long  slender  piece  of  wood  or  metal. 
RoU,  or  rotlery  an  engine  turned  by  a  handle,  to  raise  weights. 

J%.1.P/.  XXXVI. 
Rmmdsy  the  staves  or  spindles  in  a  lantern,  against  which  the 

teeth  of  a  great  wheel  work.    Fig.  1.  PL  XLVI.  r,  e.    The 

steps  in  a  ladder,  &c. 
BmUt,  a  thin  straight  piece  of  wood,  metal,  or  iVory,  for  drawing 

'  strfldght  lines. 
BungSy  spindles  or  rounds.    Fig.  1.  PL  XLVI.  c,  c. 
Runner,  a  flat  circular  ring,  between  the  nare  and  Unpin  of  a 

wheel,  called  also  a  washer.    Also  a  sort  of  rope  on  board  a ' 

ship,  to  hoist  with. 

S. 

<Sat&,  large  pieces  of ;  cantras^  by  which  ships,  windmills,  &c.  are 

carried,  by  help  of  the  wind. 
Scanttin,  stun  cut  to  a  proper  size. 
Screw',  one  of  the  mechanic  powers.    The  tap  with  flie  thread ' 

is  the  male  screw,  the  hollow  that  receives  it  is  the  female  screw. 
Scribing,  drawing  an  irregular  line  upon  one  piece  of  stufi*  pa- 
rallel to  the  irregular  side  of  another,  with  a  pkir  of  compasses 

opened  to  a  due  distance,  and  carried  along  the  side  of  it.  Then 

the  wood  in  the  first  piece  being  cut  away,  these  two  pieces  will 

fit  each  other. 
To  Seaze,  to  bind  or  fiisten  a  rope,  &e. 
S^U^  or  shank,  any  long  part  of  an  instrument,  especially  that ' 

which  is  held  with  the  hands. 
Sheers,  two  poles  set  up  an  end  sloping,  and  tied  together  at  top, 

and  secured  by  a  rope  from  &lling.    Their  use  is  to  raise  any 

weight  by  help  of  a  block  and  tackle  at  top. 
Sheetfers  01  shkves,  puUies,  the  little  wheels  that  run  in. blocks, 

by  a  rope  going  over  them. 
Shelf,  a  board,  &c.  fixed  horizontally. 
Shtmlder,  a  part  of  timber  or  metal,  cut  thicker  than  the  rest,  in 

order  to  support  something. 
Shrouds,  the  ledges  on  the  edge  of  a  guttered  wheel. 
SiUs,  selU,  OT  givtindsils,  pieces  of  timber  that  lie  on  the  ground, 

into  which  others  are  fixed.    Sole  trees. 
Sufhon,  a  crooked  glass  or  metal  tube,  for  drawing  off  liquors. 

Fig.  2.  PL  XXVI. 
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Skepers,  pieces  of  timb^  laic^as  a  fouxidaUqn  and  support  for 

others  that  are  to  lie  upon  them.  .         .  ,  : 
Slings,  these  are  made  of  a  rope-  splic'fl^^i^  9^.  eye  at  either 

end,  to  ga  over  a  caskf  or  some  heavy  thing,  w)iich  ^ .  to  ba 
'  hoisted. 
Snatch  block,  a  great  block  with  a  «heever  in  it^  smd  a  notch  cul 

through  one  of  the  cheeks  of  it^  to  hitch  the  rope  .i^to  the 

pulley,  for  readiness. 
Socket y  a  hollow  piece  of  m^tal,  in  whi^h  any  thing  moves. . 
Sole,  the  bottom  of  the  gutter  or  channf^l,  in  a  guttered  wheeL 
Sole  tree,  the  lowest  piece  of  timber  which  lies  flat  on  the  ground, 

into  which  the  upper  works  are  fri^ned.    The  groundsel. 
Danish  burton,  a  sort  of  tackle  to  hoist  goods^  like  Jlie.  4. 
P/.  XXI. 

a  ion^  pointed  iron,  prpi^ce  of  timber. 

\cific  granny  is  that  w:hereby  one.  body  weighs  more  or  less  than 

another  of  the  same  magnitude,  .     •       . 

Spike,  a  pointed  iron,  or  piece  of  wood. 
AfinMe,  the  axle  of  a  wheel.     Fig.  4.  PL  XVIII.  ef. 
&ire8,  the  turns  of  a  rope  about  a  cylinder  or  roller,      . 
To  Splice,  to  join  two  ropes  together  by  working  the  strands  into 

one  another. 
S^kea^  pieces  of  wood  running  from  the  centre  of  2^  yrheel  to  the. 

circumference,  like  rays, 
Spriing,.9ai  instrument  made  of  stee^  that  being  benty.it  cpnti*. 

nually  exerts  a  great  force,  tl^t  it  may  unbend,  ^self;  again. 

Springing  plates  are  sometimes  made  of  brass.    .     , 
Spur,  a  sort  of  prop,  set, aslope  to  thrust. 
Spurs,  long  wooden  teeth  standing  in  the  edge  of  a  large  timber 

wheel.    Fi^.  2.  P/.  XIX..    «,;«,.  a.    . 
Spur  whul,  a  wooden  whe^  where  the  teeth  stand  in  the  edge  of 

the  tim.    Fig.  2.  Ft.  XIX.     CD.  .   ; 

Staff,  a  stick  or  small  piece  of  wood. 
Statics,  a  part  of  mechanics,  teaching  tiie  motions  and  properties 

of  heavy  bodies. 
Sta^f  a  piece  of  timber^  or  other  thing  fixed  as  a  prop  or.  support 

to  some  heavy  body. 
Steefyard,  an  instrument  to  .weigh  bodies^  con^istiiig  of  a  long 

beam  and  a  moveable  weight  Fig^  8.  P/,  XVlIIl 
Stock,  the  wooden  part  of  a  thing,  and  into  whifdi  it^is  fixeil.,    . 
Stopple,  or  stopper^  -a  plug  that  jGits.into  a  hole.      .      .  .    . 
Stms,  fmy  small  pieces  in  a  moving  machine,  that  serve  to  stop 

the  motion.  .  .       .= 

Strain,,  the  stress-  or  vic^ence  any  thing  suffers  by  a  wei^t  or 

force  acting  against  it. 
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Stroaks,  or  HraikSf  the  iron  going  roand  tiie  circumference  of  car- 
riage wheels^  also  called  the  tire. 

Stud,  a  knob,  or  little  button.  A  solid  piece  of  metal  fixed  to 
a  plate. 

StuffS^  any  ^irood  that  joineis  work  upoi), 

Sufwd^  a  metal  ring  Uiat  turns  about  toy  way. 

t^han,  the  same  as  siphon.    A  crane.  I'ig.  2.  PL  XXVI. 

^ringCy  an  instrumetnt  for  ii^ecting  liquors  into  any  place. 

T. 

Tackles,  blocks  with jpullies  and  ropes  in  them,  to  heave  up  goods. 

Figta^  2,  3,  4.  PL  XXI.    The  rope  we  pull  by  is  called  the 

Tackk-falL 
Tenon,  the  square  end  of  a  piece  of  wood,  made  to  fit  into  t 

mortise  hole. 
Therfnometer,    \  an  instrument  to  shew  the  degrees  of  heat  and 
Viennoscope,     i     cold.  Fig.  4.  PL  XLVII. 
Thread,  the  spiral  ridge  that  goes  winding  round  a  screw. 
Ih^mt,  the  action  against  a  body  to  push  it  forward. 
Tight,  stiff,  close. 

Tongue,  a  thin  slender  piece  of  metal  or  wood  in  a  machine. 
!nw7,an  instrument  to  work  with. 
Tooth,  the  indented  part  on  the  edge  of  a  wheel  that  moves  some 

other  wheel..   Or  what  serves  to  cut,  or  take  hold  on. 
Trantom,  an  overthwart  beam  in  a  building. 
Triangle,  an  engine  standing  on  three  legs,  to  raise  weights  with. 

Pig.  1.  PL  XXI. 
Trundle,  the  part  which  is  carried  about  by  the  teeth  of  a  wooden 

wheel.    The  lantern  or  drum.     Pig.  1.  PL  XLVI.    EF. 
Trunk,  a  hollow  tube  or  box. 
Tumbler,  a  part  in  a  machine  that  rolls  about  upon  an  axis,  and 

plays  back  and  forward. 
Tmhifrel,  a  roller,  or  cylindrical  beam  of  wood. 
7)fmpanum,  a  kind  of  wheel  placed  on  an  axle,  and  has  staves 

or  rounds  instead  of  teeth,  and  is  carried  about  by  a  great 

wooden  wheel.    A  trundle  or  drum.     Fig.  1.  PL  XLVI.    EF. 
V. 
Valve,  a  piece  of  wood,  &c.  so  fitted  into  a  hole,  that  it  opens  and 

lets  a  nuid  pass  through  one  way ;  and  shuts  and  stops  it  the 

other.     Fig.  2.  PL  XLVII.    V.  W.    A  sucking  valve,  is  that 

where  the  water  follows  the  piston.    A  forcing  valve  when  it  is 

driven  through  before  it. 
Vane,  a  sail,  or  fan,  generally  to  show  the  point  of  the  wind. 
Velocity,  an  affection  of  motion,  and  is  that  by  which  a  body 

passes  over  a  certain  space  in  a  given  time.    Swiftness,  or 

celerity. 


Digitized 


by  Google 


258  EXPLANATION  OF  TERMS. 

Vibrationf  the  moving  or  swinging  of  a  pendulum  back  and  forward. 
Vis  imertidSy  a  property  of  body,  by  which  it  resists  any  impressed 
force,  and  endeavours  to  continue  in  the  same  state. 

W. 

WalloweTf  a  trundle  upon  a  horizontal  axis.   Fig.  1 .  PL  XLII.  F. 
WaterpoitCy  an  instrument  to  try  the  strength  of  liquors.    A  hy- 
drometer. 
Web,  the  thin  broad  part  of  an  instrument,  as  the  web  of  a  key,  &c. 
We(igey  an  instrument  to  cleave  wood.    One  of  the  mechanic 

powers. 
Weight,  the  tendency  of  bodies  downward.    The  matter  raised  by 

an  engine. 
Wheel,  a  machine  consisting  of  an  axis  and  a  circular  rim,  with 

teeth  in  it,  and  then  it  is  called  a  toothed  wheel. 

imoothi  a  wheel  without  teeth,  turned  by  a  rope,  v 

Wheel  and  axle,  a  machine  to  raise  weights.    One  of  the  mechanic 

powers.    Fig,  3.  Fl.  III. 
winch,  an  instrument  with  a  crooked  handle^  to  turn  any  thing 

about  with. 
Winder,  a  winch  or  handle  to  wind  about. 
WmdJau,  a  machine  to  raise  great  weights.    On  board  a  ship,  it 

serves  to  hoist  the  anchor.    It  is  ap  horizontal  roller,  turned 

round  by  handspikes. 
Windmill,  a  mill  to  grind  com,  moved  by  the  wind.    Fig.  1.  PL 

XLVI. 
Wing,  a  thin  broad  part  that  covers  something,  or  hangs  over  it. 

Abo  what  helps  to  give  due  motion  to  any  thing,  as  the  hands 

in  a  water  wheel,  a  part  of  a  sai^  &c. 
Womty  a  spiral  thread  running  round  a  cylinder,  forming  a  sort  of 

screw. 


Digitized 


by  Google 


A  LIST 

OF  THE  PRINCIPAL  MACHINES  DESCRIBED  IN 
THIS  BOOK. 


Air  Pump,  Fig.  1.  PL  LIT. 

Arch  for  bridges,  Fig.  1,  2,  3,  to  6.  PL  LXXI. 

Artificial  fountains,^.  1.  PL  XLIII.,  Fig.  2  and  3.  PL  LVI., 

and  J'^.l.P/.LVII. 
Axis  in  peritrochio.  Fig.  3.  PL  III. 
Barometer,  Fig  4.  PL  XXVI. 
Bellows,  Fig.  3.  P/.  XXXVI. 

by  water,  f%.  1.  PL  XXXIII.  and  JF%.  1.  PL  XXXIV. 

Blowing  wheel,  Fmt.  1.  PL  LVI. 

Boats,  J%.  1  and  2.  P/.  XXII. 

Bobgin,  Fig.  1.  P^  LX. 

Carts,l%.3and4.P/.XXn. 

Cheese-press,  Fig.  9.  P^  XVIII. 

Clock,  Fig.  1.  K  LXVL  and  Fig.  1.  P/.  LXVII. 
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Coal-gin,  Fig.  2.  PL  XXXVIII.  and  Fig.  1.  PI.  XLII. 

Crab,  or  capstan.  Fig.  2.  PL  XXXVII. 

Ciane,  Fig.  2.  PL  XIX.  and  Fig.  1.  PL  XX. 

compound,  Fig.  1.  PL  LXII. 

Cutting  engine,  Fig.  1.  PL  LXVIII. 

Endless  screw.  Fig.  1.  PL  V.  and  1%,  1.  PL  XX. 

Engine  to  make  a  hammer  strike,  J^.  1.  PL  XXXI. 
• to  quench  fire,  Fig.  1.  PL  L. 

for  iron  works,  1%.  1.  PL  XXXI.  and  1%.  1.  PL  XXXII. 

to  shew  the  wind,  Fig.  2.  PL  XL. 

for  drawing  water,  f%.  1.  P/.  LXIII. 

at  London  Bridge,  Fig.  1.  PL  LIV. 

EoUpile,  Fig.  3.  P/.  XLV. 

Fire  engine  for  coal-pits.  Fig.  1.  PL  XLIX.  and  P^.  i.  P/.  LIX. 

Glazier's  vice.  Fig.  2.  PL  LXIX. 

Gunpowder  mill,  JF^.  1.  PL  LXI. 

Horse-mill,  Pi^.  2.  P/.  LVIIL 

Hydrometer,  %.  3.  PL  XLVIL 

Hydrostatic  bellows,  Fig.  2.  P/.  XLIII. 

Hygroscope,  Ftg.  4.  P/.  XLV. 

Jack  for  roasting  meat,  Fig- 1.  PL  XLIII, 

for  raising  weights.  Fig.  1.  P/.  XXXVIII. 
Lifting  stock.  Fig.  2.  P/.  UX. 
Mouse-traps,  Fig.  1  and  2.  PL  XLV. 
Organ,  Pi^.l.  ft.  LXXIIL 

Pile  engines,  Fig.  1.  P/.  XXXV.  and  Fig.  1.  P/.  LV. 
Pullies  and  tackles.  Fig.  7.  PL  IV.,  Fig.  4.  P/.  XXVHL,  Fig.  3. 

P/  XXXII. 
Pumps,  Fig.  2.  P/.  XXIII.,  1%.  2.  P/.  XXXH.,  and  1%.  1  and  2. 

PiXLVII. 
Rag-pump,  Fig.  3.  P/  XL. 
RoUers,  Fig.  1.  P/.  XXVIII.,  P^.  1.  PL  XXXV.,  and  ffe.  1  and 

2.  P/.  aaXVI. 
Rolling-press,  Fig.  3.  P/.  XLVIII. 
SaiUng  chariot,  1%.  1.  P/.  XXX. 
Sawing  engine,  Ftg,  2.  PL  XLV. 
Scales,Piig.6.P/.XVin. 
Screw,Pi^.2.P/.IV. 
Ship,Eiff.l.P/.LI. 

s^est,  Fig.  1.  P/.  LXV. 

Slitting  mill,  FigTV.  PL  XXXIX. 
Smoke-jack,  Fig.  2.  P/.  XXX. 
Spinning-wheel,  Fig.  1.  P/.  XIX. 
Steel-yard,  Fig.  8.  P/.  XVIII. 

compound.  Fig.  2.  PL  LVII. 

Syphons,  f%.  2.  PL  XXVI.  and  P^.  4.  PL  XL. 
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Tantalus'  cup.  Fig,  7.  PL  XXVI. 

Thermometer,  Fig.  4.  PL  XLVII. 

Triangle  and  sheers,  Fig,  1.  PL  XXI. 

Twisting-raai,  Fig,  1 .  PL  LXIV. 

Waggons,  Fig,\.PL  XXV.  and  Fig.  1. PL  XXVI. 

Walk-mill,  %  1.  P/.  XU. 

Water-mills,  Fig.  1.  P/.  XLIV.,  Fig.  2.  P/.  LV,  and  Fig.  1.  P/. 

LXX. 
Water-screw,  Fig.  2.  P/.  XLVIII. 
Weighing  engine,  Fig.  1.  P/.  LXXII. 
Wind-miU,  Fig.  1.  ^.  XXIII.  and  Fig,  1.  P/.  XL\7. 
small,  J5%.  1.  PL  XL. 
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APPENDIX. 


NOTES,  ILLUSTRATIONS,  AND  OBSERVATIONS, 
EXPLANATORY  AND  FAMILIAR. 


Defitdtkm  8.  {page  2,)  Qmntitt/  of  Motion^  or  Momentum, — 
Thus,  we  say  that  a  hammer  strikes  with  a  certain  force,  which 
force  evidently  depends  on  the  weight  of  the  hammer,  and  the 
velocity  with  which  we  strike  the  blow ;  for  a  light  hammer  will 
not  strike  so  hard  as  a  heavy  one,  nor  a  slow  stroke  be  as  effec- 
tive as  a  quick  one.  Thus  the  quantity  of  motion  (or  the  momen- 
tum^ must  depend  upon  the  quantity  of  matter,  (that  is,  the  weight 
of  the  hammer,)  and  the  veloci^  or  quickness  with  which  we 
strike,  jointly ;  that  is,  in  estimating  the  force  of  a  blow,  we  must 
take  into  account  both  the  weight  of  the  body  and  quickness  of 
the  stroke. 

Def.  9.  {page  2,)  Vis  Inertia* — ^Thus,  a  block  of  wood  or  stone 
laid  on  the  ground,  would  remain  there  without  motion  for  ever. 
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were  it  not  moved  by  force,  which  is  applied  by  some  foreign 
power  not  seated  in  the  body  itself;  or,  if  a  cannon  ball 
were  shot  in  any  given  direction,  it  would  for  ever  move  in  that 
direction,  were  it  not  affected  by  the  gravity  of  the  earth,  which  is 
continually  endeavouring  to  draw  it  downwards ;  thus,  we  may 
term  the  vis  inertiae  of  bodies  to  be  a  propensity  in  all  bodies 
either  to  remain  at  rest,  if  not  acted  on  by  any  other  body,  or  if 
acted  on  by  any  force,  to  obey  that  force  impressed  on  it ;  or  it  is 
a  certain  sluggish  quality  of  bodies,  which  ;implicitly  obey  any 
force  impressed  on  tl^em ;  or,  if  no  force  is  applied,  they  would  for 
ever  remain  at  rest. 

Def.  22.  Mechanical  powers, — The  writers  gn  mechanics  seem 
to  differ  with  regacd  to  the  number  of  mechanical  powers,  some 
reducing  them  to  three,  while  others  number. ihem  at  seven,  as 
follows : — the  lever,  the  wheel  and  am,  the  pulley,  the  screw,  the 
inclined  plane,  the  wedge,  and  the  funicular  machine,  (or  combina- 
tion of  ropes,)  which  hereafter  I  will  take  an  opportunity  to  de- 
scribe, and  to  which  our  author  adds  another  power,  by  this  defi- 
nition, viz.  the  balance,  which  is  evidently  an  oversight,  as  the 
balance  is  nothing  but  a  lever,  whose  brachia  or  arms  are  of  equal 
length.  Now,  we  may,  with  great  propriety,  I  think,  reduce  the 
number  of  simple  mechanical  powers  to  three,  viz.  the  kver,  the 
puUey,  and  the  inclined  plane,  for  all  the  properties  of  the  axis  and 
wheel  depend  upon  the  principle  of  the  lever,  and  the  circum- 
ference of  the  wheel  and  axis  is  but  a  continued  series  of  levers. 
In  like  manner,  the  screw  is  but  an  inclined  plane,  wound  round 
a  cylinder,  and  the  wedge  but  two  inclined  planes  joined  together, 
the  properties  of  which  may  be  all  demonstrated  by  the  properties 
of  the  inclined  plane  itself;  in  fact,  the  screw  is  a  compound  en- 
gine, made  up  of  the  lever  and  inclined  plane,  for  the  force  which 
is  employed  to  turn  the  screw  is  evidently  a  lever,  while  the  screw 
itself  is  but  an  inclined  plane,  wound  round  an  axis.  All  this 
-will  appear  evident,  from  comparing  the  properties  of  these 
several  powers  with  each  other. 

Axiom  1. — ^This  is  evident,  from  the  consideration  of  Def,  9; 
for  a  body  laid  on  a  perfectly  level  sur&ce  would  remain  in  the 
same  place  for  ever ;  but  if  the  surface  was  inclined,  so  as  to  give 
the  body  a  rolling  motion,  it  would  continue  that  motion  so  long 
as  Uie  inclination  of  the  plane  remained  the  same ;  and  if  the 
plane  was  infinite  in  length,  the  body  would  roll  on,  ad  infinitum, 
or  for  ever ;  thus  shevnng,  diatif  the  body  is  at  rest,  it  will  always 
maintain  that  state,  or  £f  put  in  motion,  would  always  move  till 
some  obstacle  intervened,  or  the  power  tfiat  produced  the  motion 
ceased,  which  power*  in  this  supposed  case,  is  the  inclination  of 
the  plane. 
Axiom  3. — This  may  be  shewn  by  striking  a  hammer  on  an 
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anvil,  for  it  will  re-bound  from  the  stroke,  shewing  that  a  re- 
action has  taken  place,  and  in  a  contrary  direction  to  the  stroke 
impressed ;  and  if  the  anvil  and  hammer  were  perfectly  elastic 
bodies,  the  re-bound  or  re-action  would  be  with  a  force  equal  to 
the  stroke  of  the  hammer.  In  the  theory  of  mechanics,  all  bodies 
are  supposed  to  be  perfectly  elastic,  or  perfectly  solid,  or  non- 
elastic,  when  we  are  estimating  their  forces,  or  calculating  their 
effects  on  each  other. 

Axiom  2. — ^Thus,  if  two  men  pull  the  ends  of  a  rope  with  equal 
force,  the  men  will  both  remain  immoveable,  or  the  strength  of 
one  man  is  counteracted  by  the  strength  of  the  other. 

Prop.  3.  {page  6,)  Cor. — It  may,  perhaps,  be  not  amiss  to  ex- 

Slain  the  term  redprooaUy,  which  may  be  thus  shortly  and  fami- 
arly  illustrated.  Suppose  a  carriage  travels  during  the  time  of 
one  hour,  for  instance ;  the  distance  or  space  it  has  moved  will  be 
according  to  the  velocity  of  its  motion ;  thus,  it  will  pass  over  a 
great  space  wi&  a  quick  velocity  in  the  given  time,  out  through 
a  small  space,  with  a  slow  velocity  in  the  same  time :  thus,  if  the 
space  is  large,  the  velocity  must  be  quick,  and  if  the  space  is 
small,  the  velocity  must  be  slow  in  proportion.  Thus,  it  a  car- 
riage travel  with  a  velocity  of  six  miles  per  hour,  for  the  space  of 
60  miles,  the  time  it  will  be  performing  the  whole  journey  will  be 

60 
10  hours,  that  is,  as  6  :  1  : :  60  :  10  or  60  =:  10  x  6,  or  10  =  -r- 

0 

that  is,  the  time  is  as  the  space  divided  by  the  velocity. 

Prop.  4.  Cor.  {page  6.) — ^That  is,  if  S  represent  the  space,  F  the 
force,  T  the  time,  and  M  the  quantity  of  matter,  we  snail  have  S 

FxT 
is  as  —zir .  See  the  third  equation,  Scholium,  Prop.  4. 

Prop.  7.  {page  10,  latter  part  of  Case  2.)  The  nf^ power. — ^As 
some  of  my  mechanical  readers  may  not  be  sufficiently  acquainted 
with  algebraic  notation,  to  comprehend  the  exact  meaning  of  this 
term,  I  will  endeavour  to  explain  it  as  shortly  as  possible.  The 
power  of  any  number  or  letter,  representing  any  number  or  quan- 
tity, is  algebraically  represented  by  the  index  or  little  figure,  set 
to  the  right  of  the  letter,  a  little  above  it,  and  shows  the  power  or 
number  of  times  the  letter  (representing  quantity  or  number)  is 
multiplied  into  itself:  thus.  A*  represents  the  square,  or,  as  it  is 
called,  the  second  power  of  the  quantity  A.  A'  represents  the 
cube  or  third  power  of  the  letter  A ;  and  so  on  to  any  power  re- 
quired :  but  the  expression  A"  shews  generally  any  power  of  the 
letter  A,  which  the  letter  n  may  be  made  to  represent,  that  it  is  a 
general  expression  shewing  any  power  you  may  please.  And  dius 
we  see  by  the  expression  1  :  <*  :  I  AB  ;  Ab;  the  index  n  shews 
that  whatever  power  you  raise  t  to,  the  proportion  will  always 
be  the  same ;  thus  generalizing  the  proposition. 
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Prop.  8.  (page  11,  Cor.  2.) — ^As  it  u  absolutely  necessary  the 
reader  should  be  acquainted  with  the  terms  sine,  tangent,  &c.  the 
accompanYing  diagram  is  introduced,  to  explain,  as  familiarly  as 
possible,  mese  terms.  Draw  any  circle  FDB,  {Fig,  1.  PL  A.)  and 
from  the  centre  A  draw  any  line,  as  A  ?C.  and  m>m  B  draw  EC 
to  meet  ADC  and  perpendicular  to  AP ;  also  from  D  draw  DE 
perpendicular  to  AJB,  and  draw  also  AG  perpendicular  to  AB, 
and  GI  and  DH  perpendicular  to  GA,  ana  we  shall  have  a  dia- 
gram explanatory  of  all  the  terms  regarding  sines,  tangents,  &c.  viz. 
DB  js  an  arc  of  the  circle  which  measures  the  angle  DAB ;  D£ 
is  the  sine  of  that  angle,  CB  the  tangent,  AB  the  radius,  AC  the 
secant,  DH  the  cosine,  IG  the  cotangent,  lA  the  cosecant,  and 
£B  the  versed  sine  of  the  angle  DAB.  GD  is  called  the  compli- 
ment of  the  arc  BD,  and  DF  the  suppliment  to  the  same  arc. 

Prop.  9.  Cor.  1  and  2,  {page  13,)  angle  of  incidence  and  angle  of 
reflection. — ^These  are  terms  derived  from  optical  principles ;  which 
are  foreign  to  mechanical  principles,  and,  with  due  deference  to 
higher  authority,  I  would  wish  superseded  by  the  terms  angle 
of  direction  and  angle  of  re-bound,  as,  in  my  opinion,  expressing 
more  mechanically  their  properties ;  for  what  is  the  angle  ABD 
but  the  anflde  or  direction  the  body  talcs  when  it  approaches  the 
line  DB  (1?%.  4,  or  GF  Fig.  5,  PL  I.) ;  and  what  is  the  angle 
DBF  but  the  angle  which  the  body  A  re-bounds  with  after  striking 
the  plane  GBF,  andyin  my  humble  estimation,  explaining  more 
cleany  the  signification,  then  the  terms  incidence  and  reflection. 

Prop,  9.  Cor,  3.  {page  13.)— The  term  impinges,  perhaps,  well 
expresses  what  is  here  meant ;  that  is,  whether  it  falls  by  its  own 
weight,  or  is  impelled  by  any  particular  force  on  the  body ;  that 
is,  whether  it  strikes  the  body  b;^  any  projectile  force,  or  merely 
by  its  own  gravity  in  the  given  direction.  And  by  the  term  mag- 
nitude  Of  the  stroke,  we  are  to  consider  the  force  of  the  stroke, 
that  is,  the  absolute  effect  it  has  upon  the  body  which  it  impinges 
or  strikes  against. 

Section  2. — It  may  be  scarcely  necessary  here  to  mention  what 
is  meant  by  the  motion  of  projectiles  in  free  space ;  but  that  no 
ambiguity  or  misconception  may  arise  in  the  minds  of  those  en- 
tering on  the  study  of  meohanics,  I  shall  here  define  what  is  un- 
derstood to  be  medianically  2^  projectile.  It  is  any  body  or  quan- 
tity of  matter  in  motion,  however  that  motion  is  produced ;  whe- 
ther by  the  means  of  percussion,  pressure,  or  any  other  force; 
whether  firom  the  force  of  gunpowder,  as  a  cannon  shot;  or  by  a 
stroke  with  a  bat,  as  a  ball;  by  the  effect  of  a  spring,  or  otherwise ; 
that  when  &  body  is  moved  from  a  state  of  rest  to  that  of  motion, 
it  then  becomes  a  projeptile  ip.the  jnechanical  acceptation  of  the 
term.  Also,  hy  jfee  space  we  mean  any  space  that  offers  no  re- 
sistance to  the  motion  :  thus,  we  argue  upon  the  motion  of  pro- 
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jectiles  theoretically,  as  if  no  resistance  was  offered  to  the  motion 
of  bodies;  and  then  we  come  to  the  practice,  that  resistance  is 
calculated  and  allowed  for,  whether  proceeding  from  the  density 
of  the  fluid  in  which  the  body  moves,  such  as  air  or  water,  or  from 
friction,  gravity,  or  any  other  force  which  resists  the  motion  of  the 
prmectile. 

Prop.  13.  Cor,  1.  {page  19.) — ^In  order  to  make  this  corollary 
appear  plain,  let  us  suppose  a  body  at  A  {Fig*  2.  PL  A.)  felling 
by  its  Own  weight  in  the  direction  of  the  perpendicular  line  A£, 
and  let  us  divide  A£  into  any  number  of  equEU  parts,  as  B,  C,  D, 
£ ;  then  the  meaning  of  this  corollary  is,  that  if  the  whole  time 
A£  is  divided  into  any  equal  portions  of  timCf  as  AB,  BC,  CD, 
and  D£,  it  will  fall  with  a  certain  velocity  from  A  to  B,  and  will 
gain  in  felling  from  B  to  C  an  increased  velocity,  equal  to  the 
velocity  it  acquired  in  falling  from  A  to  B,  and  so  on.  We  may 
here  remark,  that  the  divisions  AB,  BC,  &c.  are  not  supposed 
here  to  be  equal  portions  of  distance  fallen,  but  equal  portions 
of  time ;  for  u  we  suppose  them  equal  distances  of  space  feUen, 
then  we  shall  find  that  tne  distance  fallen  BC  must  be  greater  than 
the  distance  AC,  for  the  body  has  acquired  a  certain  velocity  in 
passing  from  A  to  B.  and  it  commences  the  motion  from  B  with  a 
velocity  equal  to  that  it  has  acquired  at  B,  and  not  that  with  which 
it  first  set  out  at  A ;  therefore,  the  velocities  acquired  in  falling 
from  A  to  B  and  from  B  to  C,  in  equal  portions  of  time,  will  hi 
represented  (if  we  call  the  velocity  V)  by  V  -f-2V  +  3V  +  4Vj| 
&c.  at  the  several  points,  marking  equal  portions  of  time,  that  is, 
at  B  the  velocity  will  be  =  V,  at  C  =  2V,  at  D=  3V,  &c. 

Prop.  14.  (^poge  19.) — That  is,  (referring  to  the  last  figure)  if 
AB  is  any  distance  fellen,  and  we  divide  it  into  any  number  of 
equal  parts,  as  AB,  BC,  &c.  then  equal  portion  of  distance  will 
be  passed  over  by  a  body  descending  from  A  to  E  by  the  force  of 
gravity,  as  the  squares  of  the  times  occupied  in  passing  over  these 
equal  spaces  AB,  BC,  CD,  &c.  thus  calling  the  equal  distances  S, 
and  the  time  in  falling  from  A  to  B  =:  T ;  but  the  time  is  as  the 
velocity,  and  at  B  the  body  has  acquired  a  certain  velocity  V. 
Now,  as  equal  velocities  are  gained  in  equal  times,  T  x  V  is  the 
distance  passed  over  by  the  body  in*  passing  from  A  to  B ;  hence, 
as  T  is  always  equal  to  V,  at  the  point  B,  the  force  becomes  T*; 
but  as  the  spaces  described  evidently  depend  upon  the  time  and 
veloci  W  of  the  motion,  we  shall  have  the  spaces  AB,  BC,  CD,  &c. 
as  T,  T*,  T*,  &c.  that  is,  as  S  :  T  ::  2S  :  T»  ::  3S  ;  T»,  ficc. 

Prop.  15.  (page  21.) — ^It  may  not  be  here  amiss  to  define  what 
IS  meant  by  tne  expression,  to  describe  a  parabola.  The  reader 
will  very  readily  perceive,  rtiat  if  a  body  is  projected  in  a  direc- 
tion oblique  to  the  horizon,  its  path  during  its  flight  will  be  a 
curve  line;  for  .if  it  was  a  straight  one,  it  would  for  ever  fly  off  at 
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greater  and  greater  distances  from  the  surface  of  the  earth.  But 
the  power  of  attraction  is  continually  drawing  it  out  of  that  line  ; 
it,  consequently,  approaches  the  earth,  or  deviates  from  that  strait 
line  every  moment  of  its  flight,  and  falls  ultimately  to  the  earth 
at  greater  or  less  distances,  according  to  the  greater  or  less  force 
wi&  which  it  is  projected.  Now,  this  path  or  turve  the  projectile 
describes,  is  in  this  Prop,  termed  a  parabola ;  that  is,  a  parabolic 
line,  which  curve  'may  be  thus  conceived : — ^let  a  cone  be  cut  by  a 

Slane  parallel  to  one  of  the  slanting  sides,  then  the  boundaries  of 
le  section  will  be  a  curve  line,  which  is  termed  a  parabola,  or 
the  curve  itself  may  be  thus  conceived  to  be  drawn,  without  the 
help  of  the  cone. 

Let  AB  {Fig.  3.  PL  A.)  be  any  right  line,  and  CD  perpendi- 
cular to  AB;  then  if  we  draw  any  number  of  parallel  lines  to 
CD,  as  AF,  a,  b,  and  if  from  a^  point  E,  which  we  may  assume 
at  pleasure,  we  make  £F  zz  AF  or  E6  =:  a6,  if  a  curve  line  is 
drawn  through  the  points  F6,  that  curve  is  called  a  parabola  or 
parabolic  line,  and  is  the  line  in  which  projectiles  move,  or  would 
move,  did  not  the  projectile  meet  with  a  resistance  from  the 
atmosphere  through  which  it  passes. 

We  may  here  observe,  as  it  will  perhaps  be  of  use  in  the  inves- 
tigation of  the  properties  of  projectiles,  that  the  point  E  is  called 
the  focus  of  the  parabola,  the  point  G  the  vertex,  that  is,  where 
CG=:  G£  on  the  line  CD,  also  that  CD  is  called  the  axis,  and  if 
from  the  point  F  we  draw  FH  perpendicular  to  CD,  FH  is  called 
an  ordinate  to  the  point  of  the  curve  at  F,  and  so  of  any  other  per- 
.  pendiculars,  from  any  other  point  in  the  curve.  GH  is  also  called 
the  abscissa  to  the  point  F,  or  ordinate  FH,  and  thus  every  ordi- 
nate has  its  corresponding  abscissa;  and  the  comparison  of  these 
lines,  or  the  proportion  tiiey  bear  to  each  other,  determines  the 
nature  of  the  parabola,  or  an  equation  or  algebraic  expression  is 
deduced  from  tnese  lines,  which  expresses  the  nature  of  the  curve; 
and  this  is  what  is  meant  by  the  expression  (^  the  conic  sections 
the  curve  AFG  is  a  parabolay)  that  is,  AK,  AL,  &c.  (I^eures  6  and 
7.  PL  I.)  are  always  as,  or  in,  a  certain  proportion  to  K¥^,  LG',  &c. 

Prop,  15.  Cor,  1. — ^The  definition  of  the  term  latus  rectum  and 
parameter  is  necessary  to  the  understanding  of  this  C^or,  To  those 
who  are  unacquained  with  the  conic  sections,  I  shall,  therefore, 
give  in  plain  terms  their  signification : — firs^  the  latus  rectum  is 
that  line  in  a  parabola  which,  passes  through  the  focus  perpendi- 
cular to  the  axis,  titid  meets  tiie  curve  both  ways,  as  oEc  is  the 
latus  rectum  to  the  parabola,  {Fig,  3.  PL  A.)  and  is  always  a 
quantity  equal  to  four  times  the  distance  of  the  focus  £  from  the 
vertex  G  of  the  curve ;  and  the  parameter  may  be  thus  explained  : 
let  any  other  line,  as  FK,  be  drawn  parallel  to  the  axis  GD,  that 
line  is  called  a  diameter  of  the  parabola ;  now,  the  ordinates  of 
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tbis  diameter  are  lines  drawn  parallel  to  the  tangent  at  the  vertex  or 
end  of  the  diameter  at  F,  and  are  called  ordinates  to  that  diameter; 
and  if  we  conceive  a  4ine  drawn  parallel  to  the  tangent,  at  the 
vertex  F,  and,  consequently,  to  any  ordinate  to  that  diameter,  and 
if  this  line  passes  through  the  focus  or  point  £  of  the  parahola, 
that  line  is  called  the  parameter  to  the  diameter  FK,  and  it  is 
always  equal  to  a  third  proportional  to  the  ordinate  and  abscissa 
of  that  diameter,  or  four  times  F£  is  the  parameter  to  the  diameter 
FK,  where  £  is  the  focus,  and  £F  always  equal  to  AF. 

Cor,  4.  Prop.  15. — Hence,  the  velocity  at  any  point  of  the  curve, 
^hich  a  projectile  describes,  may  be  represented  by  a  line  drawn 
from  that  point  to  the  focus  of  the  parabola,  or,  more  properly,  by 
the  time  a  body  would  be  fiadling  through  the  extent  of  this  Une, 
by  the  force  of  gravity. 

Prop.  16.  Cor.  3. — ^The  meaning  of  this  Cor.  is  that  a  body  will 
be  projected  to  the  greatest  distance  which  the  force  applied  will 
carry  it,  when  the  elevation,  or  the  line  in  which  it  is  projected, 
makes  an  angle  of  45  degrees,  or  the  half  of  a  right  angle  with  the 
horizon,  and  that  at  elevations  at  equal  distances  from  the  angle  of 
45  degrees,  the  distance  the  body  will  go,  or  the  point  it  will  fall 
on  the  horizontal  line,  will  be  the  same  :  for  instance,  the  body 
is  projected  at  an  angle  of  35  degrees,  or  of  55  degrees,  being  one 
10  degrees  less  than  45,  and  the  other  10  degrees  more  than  45. 
Prop.  17.  Cor,  3. — ^That  is,  the  greatest  elevation  a  projectile 
will  rise  to,  is  in  proportion  to  the  square  of  the  times  of  its  whole 
motion,  before  it  again  fall  to  the  ground. 

Prop.  19. — ^The  bended  lever  is,  by  most  authors,  given  as  a 
fourth  kind,  though,  in  fact,  it  is  a  lever  of  the  first,  having  the 
fulcnun  at  the  point  where  it  is  bent,  and  the  pK>wer  applied  at 
one  end,  and  the  weight  at  the  other,  as  we  see  in  real  practice; 
that  as  no  lever  is  without  some  thickness,  so,  as  the  fulcrum  is  at 
the  underside  of  the  bar  or  lever,  and  the  power  at  the  top,  the 
line  of  direction  in  which  the  force  acts,  makes  an  angle  with  the 
line  of  direction  joining  the  weight  and  fulcrum ;  for,  let  ABCD 
{Fig.  4.  PL  A.)  be  a  lever  or  crow-bar,  and  let  the  frdcrum  be  at 
F,  the  power  applied  at  B,  and  the  weight  W  to  be  raised  at 
the  point  D  or  A.  NoW,  as  the  thickness  of  the  lever  in  actual 
practice  is  BC  or  AD,  draw  FB  or  FA ;  then  AFB  must  now 
practically  be  considered  as  the  lever,  which  is  evidently  what 
IS  so  often  termed  a  bended  lever;  consequently,  as  in  practice 
no  lever  is  without  thickness,  so,  according  to  the  thickness  of  the 
lever,  the  lines  AF  and  FB  will  always  make  an  angle  with  each 
other,  and  the  greater  as  the  thickness  is  increased ;  and  thus  we 
see  all  bended  levers  may  be  reduced  to  the  first  form :  and  as  it 
is  a  maxim  in  science  to  reduce  every  thing  to  a  few  first  prin- 
ciples, so  in  that  branch  of  it,  on  which  we  are  treating,  the  less 
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compass  we  can  compress  our  principles  in,  the  less  likely  we 
shall  be  to  form  incorrect  notions  of  ue  subject  we  have  under 
inTcstigation;  lor  this  reason,  I  would  confine  the  species  of  levem 
to  three  only.  Under  the  first  class  may  be  arranged  those  instru- 
muits  called  crow-bars,  handspikes,  and  wrenches  of  different 
kinds ;  likewise  scissars,  pindiers,  &c.  are  double  <  levers  of 
the  first  kind,  where  the  joint  is  the  fulcrum  or  support.  The 
oars  of  a  boat,  the  rudder  of  a  diip,  the  sails  of  a  windmill^  and 
cuttine-kniTes  fixed  at  one  end,  may  be  arranged  as  levers  d  the . 
second  kind.  Tongs,  diears,  the  bones  of  animals^  &c.  may  be 
classed  as  levers  of  die  third  kiud.  And  though  the  action  of  a 
hanmier,  in  drawing  oat  a  nail,  is  usually  referred  to  that  of  a 
lever  of  the  fborth  class,  yet  its  ^fects  may  evidently  be  calculated 
by  considering  it  as  a  lever  of  the  first,  from  what  has  been  said 
above. 

IVi^  23« — By  way  of  ittustration,  we  will  here  describe  ivhat 
is  meant  by  the  epcydoid  or  epicycloidal  curve,  as  it  is  much 
commented  on  in  this  and  several  of  the  succeeding  propositions; 
and  generally  we  are  to  understand  by  an  epicycloidsi  curve,  a 
line  mechanically  formed  by  fixing  any  tracer  or  pencil  in  the  dr- 
eumfbrence  of  a  circle  at  any  point,  and  supposing  this  circle  to 
revolve  about  another  cird^  it  (the  point)  will  describe  a  curve 
whidi  is  called  an  epicycloid ;  and  as  this  circle  (which  is  called 
the  generating  circle)  may  revolve  either  on  the  convex  or  con- 
cave perifferv  of  the  other  circle,  die  epicycloid  is  distingoisbed 
into  two  kinds,  the  exterior  or  interior,  according  as  it  is  found  by 
revolving  on  the  convex  or  concave  circumference.    Thus,  let  ABC 
{fig*  5,  PL  A.)  be  any  drde,  and  AG  any  other;  now,  suppose 
AG  to  revolve  round  the  circumference  ABFC,  and  at  any  point 
A  in  AG  a  pencil  or  tracer  affixed,  and  we  vnll  suppose,  only  for 
Illustration,  that  the  circumference  of  AG  is  half  that  of  ABC  ; 
the  point  A  will  be  fbund  at  C  after  it  has  revolved  through  ABC, 
and  the  curve  AD£C  will  have  been  described  by  the  point  A, 
which  is  an  epicycloidal  curve,  and  is  termed  the  exterior  epicy- 
cloid, (and  this  is  the  curve  whidi  the  Prop,  is  now  considering). 
The  interior  epicycloid  is  similar  in  its  properties,  and  is  thus 
found ;  let  ACS  (1%.  6.  Pi  A.)  be  any  circle,  and  AF  another 
drde,  which  is  supposed  to  revolve  along  the  concave  drcum- 
ference  ACB;  and  we  vrill  here  suppose  tluit  the  circumference  of 
AF  equals  a  quarter  of  AB;  then  we  shall  find  that  when  AB  has 
revolt  to  C,  the  point  A  will  have  arrived  at  C,  and  the  curve 
ADC,  formed  by  this  revolution,  vnll  be  the  interior  epicycloid ; 
and  if  it  revolve  again  to  6,  another  epicycloid  C£B  will  be  de- 
scribed.   The  drde  ABC  (in  Fig.  5.  PL  A.)  and  the  circle  ACB 
(in  fVf.  6.  PL  A.)  is  called  the  quiescent  circle,  and  the  drcle 
AG  (Fig.  5.  PL  A.)  or  AF  {Fig.  6.  PL  A.)  is  caUed  the  generant 
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or  generatihg  circle';  the  arc  ABC  {Fiff,  5.  PL  A.)  or  AC  {Fig.  6. 
■PL  A.)  is  called  the  base  of  the  epicycloid. 

To  avoid  any  misunderstaQding^  it  may  be  necessary  to  observe 
that  the  generating  circle  may  be  in  any  proportion  to  the  quies- 
cent circle ;  and  in  that  case,  if  the  curve  begm  at  A,  it  will  meet 
the  quiescent  circle  at  greater  or  less  distances,  according  to  its 
periffery :  thus,  if  the  circumference  of  the  circles  are  equal,  the 
curve  Will  be  continued  quite  round  the  quiescent  circle,  and  meet 
it  again  at  A,  or  it  will  always  meet  the  quiescent  circle  at  a  point 
where  the  quiescent  circumference  is  equal  to  the  circumference 
of  the  generating  drcle ;  this  with  regard  to  the  exterior  epicy- 
cloid ;  but  in  the  interior  epicycloid,  if  the  circles  are  equa^  the 
point  of  the  generant  will  always  be  in  the  circumference  of  the 
quiescent  circle ;  and  if  the  circumference  of  the  generant  is  half 
lliat  of  the  quiescent  circle,  the  point  v^  trace  the  diameter  oi 
the  quiescent  AB  {Fig.  6.  PL  A.) 

There  are  may  curious  properties  of  the  epicycloid  which  are 
worthy  of  the  notice  of  the  mechanic,  and  for  which  I  shall  only 
refer  to  Hutton's  Mathematicai  Dictionary ^  which  will  amply  repay 
the  trouble  of  investigation  to  those  who  feel  disposed  to  mvesti- 
gate  the  properties  of  this  curious  and  useful  curve  line; 

Cor.  3.  JVqp.  23.  Fie.  25.  Plate  II^-Tlie  line^  BM  and  KR  are 
the  interior  epicycloids,  generated  by  by  the  quiescent  circle 
MRBK,  and  the  generating  ciide  BD,  as  mentioned  in  the  fore- 
going note. 

C^.  4.  Prop.  23. — If  BC  he  infinite^  or  if  we  suppose  the  radius 
of  tiie  quiescent  circle  to  be  infinite,  it  then  becomes  a  right  line, 
and  the  revolution  of  the  generating  circle  describes  another  curve, 
soifiewhat  similar,  in  many  of  its  properties,  to  the  epicycloid,  but 
is  known  by  the  name  of  Ihe  common  cycloid ;  and  as  this  curve 
is  of  great  use  in  mechanics,  particularly  in  demonstrating  the 
jiroperties  and  nature  of  the  pendulum,  it  may  not  be  uninterest- 
ing to  the  mechanical  readers ;  we  will,  therefore,  state  a  few  of 
them,  leaving  the  demonstration  to  the  mathematical  student. 
Hierefore,  let  APCHB  {Fig.  1.  PL  B.)  be  a  common  cycloid, 
generated  or  formed  by  the  revolution  of  the  circle  £P£  along  the 
Tine  AB,  any  point  P  tracing  the  curve  during  its  revolution,  and 
let  CGD  be  the  position  of  the  generating  circle,  when  it  has  re- 
volved through  half  its  circumference,  or  when  ADzz  DB :  then, 
if  we  draw  DFC  a  diameter  perpendicular  to  AB,  and  continue 
it  indefinitely  from  C  to  I,  and  having  drawn  the  diord  CO^  and 
parallel  to  which  from  H  we  draw  HI,  we  shall  have  the  follow- 
ing properties  of  the  cycloid ;  and  we  may  here  observe,  that  the 
.  line  FH  is  called  an  ordinate  to  the  cycloid  in  the  point  H,  and 
FC  is  called  the  abdcissa  to.  the  same  point  H,  and  also  that  tibe 
.  relation  the  lines  CF  and  FH  bear  to  each  other  (or  their  propor- 
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tton  to  each  other,)  is  termed  the  equation  of  the  cydoid,  which  is 
an  algebraic  expression  denoting  the  chief  property  of  the  curve. 
The  following  are  the  most  generally  useful  properties  of  the 
cycloid. 

1«  The  circular  arch  CG  is  always  equal  the  line  GU,  or  u 
equal  the  ordinate  GH — the  sine  of  the  angle  FCG  making  the 
abscissa  the  radius. 

2.  The  semi-circumference  CGD  is  equal  the  semi-base  I>B. 

3.  The  cydoidal  arch  CH  is  equal  the  double  of  the  cJiord 
CG. 

4.  The  semi-cycloidal  arch  CB  is  equal  the  doable  of  the  dia- 
meter CD ;  and  hence  the  whole  cydoidal  circumference  ACB,  is 
equal  four  times  the  diameter  of  the  generating  circle  CD. 

5.  The  area  of  the  cycloid,  that  is,  the  suri^e  bounded  hy  the 
<7cloidal  cunre  ACB  and  the  line  AB,  is  always  equal  to  three 
times  the  area  of  the  generating  circle  CGD. 

6.  Any  line,  as  IH,  drawn  parallel  to  the  chord  CG  from  H,  is 
a  tangent  to  the  cycloid,  that  is,  it  toudies  it  without  cutting  it  in 
the  point  H. 

We  might  here  enumerate  many  more ;  but  as  these  are  a  few 
of  the  most  simple  and  generally  applicable  to  the  sdence  of  me- 
chanics, we  shall  only  give  them  as  a  spedmen,  referring  the 
reader  to  books  which  treat  on  the  nature  and  properties  of  curve 
lines,  a  list  of  which  will  be  found  in  Hutton^s  or  Barlow's  Mathe- 
matical Dictionary. 

Prop,  24.— -There  seems  some  little  explanation  of  a  charaister 
used  in  the  fifth  line  of  this  Proposition.  After  the  words, ''  there- 
fore, the  velocity  of  P  to  the  velocity  of  W,''  we  find  this  mark 
t  * ,  also  in  the  two  following  lines ;  which,  though  a  mark  of  pro- 
portion, is  not,  in  my  opinion,  sufficiently  intelligible ;  we  wiU, 
therefore,  explain  the  passage,  that  no  ambiguity  may  appear. 
Hie  passage  will  then  run  thus : — we  here  supposed  the  velocity 
of  P  to  l)ave  a  certain  velocity  to  that  of  W,  therefore  the  circum- 
ference of  the  wheel  to  the  circumference  of  the  axis  will  be  in  the 
same  relative  proportion  to  each  other,  as  the  velocity  of  P  to  the 
velocity  of  W ;  and  the  diameter  of  die  wheel  to  the  diameter  of 
the  axis  will  always  be  in  the  same  proportion ;  also  W  and  P, 
that  is,  the  weight  and  the  power  themselves,  will  be  in  the  same 
proportion  as  their  velocities  :  hence,  it  appears  that  this  charac- 
ter (!;)  i^  ^^>  ^^^  ^so  in  other  following  Propositions,  means 
literally  in  the  same  proportion. 

Prop,  35.  Scholium. — ^That  no  misconception  may  arise  from 
the  wording  of  the  latter  part  of  this  Scholium,  we  will  illustrate 
it  by  a  figure.  Let  ABCD  {Ftg,  2.  PL  B.)  be  an  inclined  plane, 
and  CB£  the  angle  of  its  devation ;  then,  if  firom  any  point  F  a 
body  be  projected  on  the  plane,  in  the  direction  FG,  it  vfill  not 
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describe  the  right  line  FG,  but  will  move  in  the  line  FH,  which  . 
is  the  same  parabolic  curve  it  would  describe  in  the  air,  if  the 
velocity  of  the  projectile  in  the  air  is  in  the  same  proportion  to 
the  velocity  impressed  on  it  on  the  plane,  as  the  absolute  gravity 
of  the  body  (that  is,  its  gravity  falling  perpendicularly)  is  to  the 
relative  gravity  of  the  body  on  the  plane,  (that  is,  its  gravity  fell- 
ing along  a  line  parallel  to  the  sides  of  the  inclined  plane,)  and 
both  are  describ^  with  the  same  obliouity ;  that  is,  if  we  draw 
FI  parallel  to  CB,  and  the  angle  IFGr  is  equal  die  angle  the 
direction  of  the  projectile  in  the  air  makes  with  the  horizon;  and 
the  same  may  be  said  if  the  body  is  projected  upwards  on  the 
inclined  plane,  it  will  describe  a  parabola  under  the  same  circum- 
stances. We  may  here  note,  that  if  the  body  is  projected  in  the 
direction  IF,  that  is,  parallel  to  the  sides  of  the  inclined  plane,  it 
will  then  describe  a  straight  line,  in  the  same  manner  that  a  pro- 
jectile impelled  on  a  horizontal  surface  will ;  and  the  distances  to 
which  they  will  go,  will  be  still  in  proportion  to  the  absolute  and 
relative  gravity  of  the  bodies. 

Prop.  39. — ^As  a  proper  understanding  of  terms  often  prevents 
misconception,  as  well  as  renders  clear  and  intelligible  what 
would  otnerwise  seem  obscure,  it  may  be  necessary  to  explain 
the  meaning  of  the  term  wb-dtipUcate  ratio,  in  the  second  line  of 
this  Prop.,  which  may  be  simply  thus  shewn  to  be  the  ratio  of  the 
square  :  for  if  two  quantities,  A  and  B,  be  in  proportion  to  each 
other,  we  say  that  the  quantities  A'  and  B'  are  in  a  sub-duplicate 
ratio  to  each  other.  Again,  in  line  7,  page  46  of  the  same  Prop, 
the  words,  <<  whence  by  composition,"  requires  a  familiar  explana- 
^  tion,  which  may  be  thus  explained  :  let  there  be  four  quantities, 
*  ABCD,  in  proportion  to  each  other,  that  is,  let  A  :  B  : :  C  :  D, 
then,  if  B  is  added  to  A,  and  D  to  C,  we  shall  have  the  quan- 
tities A,  A  +  B»  C  and  C  -f  D ;  also  in  proportion  for  A  :  A  + 
B  : :  C  :  C  +  D ;  and  thus  we  say  the  quantities  A,  B,  C,  D,  are 
by  composition  in  proportion  to  each  other. 

Prop.  39.  Cor,  3. — It  may  not  be  here  amiss  to  explain  the 
terms  reciprocal  and  redproadfy  proportional.  Thus,  the  recipro- 
cal of  any  quantity  is  unity  divided  by  that  quantity ;  thus  -j-  is 

the  reciprocal  of  the  quantity  denoted  by  A,  and  by  reciprocal 
proportion  we  are  to  understand,  that  if  we  have  any  proportion, 
as,  for  instance,  A  iB  H  C:D,  we  say  that  the  quantities  are 

.•  ^       1 
reciprocally  proportional  when  A  !  B  tl-g- 1  -g • 

Prop.  40.  Cor.  3. — It  is  scarcely  necessary  to  remind  the  reader 
that  the  line  VH  is  in  this  corollary  supposed  to  be  perfectly  flex- 
ible, and  that  as  the  bob  or  ball  of  the  pendulum  vibrates  ^ong 
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the  arch  A,  H»  B^  a,  the  line  VH  wraps  iUelf  round  the  cheeks 
ARV  and  Vra ;  but  I  take  this  opportunity  of  adverting  to  a 
term  in  frequent  use  in  mechanical  authors,  when  speaking  of  the 
nature  of  different  curves,  and  which,  in  this  instance,  is  somewhat 
curious,  with  regard  to  the  nature  of  the  pendulum  vibrating  be- 
tween two  cycloidal  cheeks,  that  is,  the  curve  AKDa  is  stiU  the 
arc  of  a  cycloid,  and,  therefore,  describes  large  or  small  arches  in 
equal  times.  The  term  I  allude  to  is  that  when  describing  a 
curve  line,  formed  by  the  unwrapping  of  a  line  laid  on  another 
curve ;  the  end  of  the  line  so  unwrapped  describes  another  curve, 
which  is  called  the  evolute  of  the  curve  by  which  it  is  generated. 
Thus,  a  line  wound  round  a  qircle ;  by  being  unwrapp^,  its  end 
will  describe  another  curve  of  a  different  nature  to  the  circle  ;  and 
thus  of  other  curves :  but,  in  this  instance,  the  evolute  curve  being 
a  cycloid,  if  we  construct  a  pendulum,  so  that  in  its  vibrations  it 
shall  play  between  two  cycloidal  cheeks,  we  shall  have  a  pendu- 
lum possessing  the  property  of  vibrating  in  large  or  small  arcs, 
in  equal  times,  and  this  has  been  in  practice  tried ;  but,  from  the 
difficulty  in  making  the  cheeks  of  a  true  cycloidal  form,  has  not 
much  been  used,  though,  in  our  improved  state  of  operative  me- 
chanics, I  cannot  but  think  it  of  no  very  difficult  attainment,  and 
which  I  would  recommend  to  the  consideration  of  the  mechanic, 
as  being  much  calculated  to  improve  the  construction  of  our  time 
keepers. 

Prop,  41.  Cor,  1. — ^The  term  isocronal  is  applied  to  the  motion 
of  pendulous  bodies,  when  their  vibrations  are  performed  in  equal 
times,  whether  the  arcs  they  describe  or  move  through  are  great 
or  small ;  that  is,  if  a  pendulum  of  a  given  length  performs  a 
certain  number  of  vibrations  in  a  certain  time,  and  if  the  arc  it 
describes  is  augmented  or  diminished  in  extent,  it  still  performs 
the  same  number  of  vibrations  in  the  same  time ;  these  vibrations 
are  called  isocronal.  ; : 

Prop,  41.  Cor,  4.  Radius  of  Curvature. — ^As  a  circle  is  a  curve 
which  is  describied  by  the  revolution  of  a  line  about  a  point, 
called  its  centre,  it  is  equally  bent  from  a  straight  direction  all 
round  its  circumference,  and  the  line  drawn  from  its  centre  is  the 
radim  of  curvature :  so  all  other  curves,  as  the  inflection  or  bend^- 
ing,  varies  in  every  point  of  its  circumference,  and  the  bendinff 
of  every  point  must  correspond  to  the  bend  of  some  circle ;  and 
hence  the  radius  of  this  circle,  that  corresponds  to  the  point  of 
the  curve,  is  called  the  radius  of  turvAfitre  to  that  point  of  the 
curve. 

Prop,  41.  Scholium. — ^As  regards  the  regulating  the  vibration  of 
a  pendulum  in  a  dock,  the  supposition  here  made,  of  screwing 
the  bob  or  weight  attached  to  the  pendulum  rod  up  or  down, 
according  to  the  theorem  given,  is  under  the  idea  that  the  weight 
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is  considerable  in  comparison  to  the  rod ;  for,  if  the  weight  is 
made  of  wood,  as  is  the  case  in  some  common  clocks ;  or  of  thin 
brass,  as  is  also  often  the  case ;  or,  in  compensation  pendulams, 
where  the  rod  is  made  wi^  bars  of  different  metals  of  consi- 
derable weight,  in  comparison  to  the  bob  of  the  pendulum ;  then 
this  theorem  will  not  nold  good,  but  is  meant  only  to  apply  to 
that  case  where  the  weight  of  the  pendulum  rod  is  trifling  in  com- 
parison to  that  of  the  weight  or  bob  attached  to  it.    I ' 

Prop.  43. — By  the  term  "  an  inflexible  right  line,"  is  here 
meant  an  imaginary  line,  that  possesses  the  property  of  resisting 
any  effort  or  force  to  bend  it,  which,  though  not  practically  a  line 
which  has  actual  existence,  still  is  necessary  in  the  demonstration 
of  this  and  all  problems  relating  to  mechanics;  for  though  all 
bodies  will  bena  or  break  by  a  force  applied  to  them,  yet  it  is 
necessary,  in  the  investigation  of  the  properties  of  the  mechanical 
powers,  to  suppose  all  levers  possessed  of  this  property  of  resist- 
ing any  effort  to  bend  them,  in  order  that  all  the  force  may  be 
applied  to  the  body  acted  on,  though^  in  actual  practice,  allow- 
ance must  be  made  for  the  elasticity  of  all  bodies,  or  the  strength 
of  the  material  of  which  they  are  composed.  Thus,  it  would  be  in 
vain  for  us  to  attempt  to  move  a  body,  by  the  help  of  a  lever 
composed  of  thin  wire,  whose  weight  is  such  as  would  cause  the 
wire  to  bend  before  it  had  any  effect  on  the  body :  and  in  actual 
practice,  we  must  adapt  the  strength  of  the  lever  to  the  weight  of 
the  body  to  be  moved,  though,  in  calculating  the  power  of  it  to 
overcome  any  obstacle,  we  are  at  liberty  to  suppose  a  line  pos- 
sessed of  infinite  strength  to  resist  bending  or  breaking  with  any 
force  exerted.  Thus,  in  mechanics,  we  must  suppose  all  bodies  to 
be  possessed  of  infinite  resistance  and  perfect  elasticity,  as  well 
as  perfect  solidity  and  perfect  fluidity,  when  we  demonstrate  the 
properties  of  bodies,  or  are  investigating  the  theory  of  machines, 
and  afterwards  allow,  in  actual  practice,  for  the  deviations  ob- 
served in  nature  ftom  these  properties*  ascertained  by  actual  ex- 
periment. For,  as  in  geometry,  a  right  line  is  defined  to  be  length 
without  breadth,  so,  in  mechanics,  a  lever  is  defined  to  be  a  line 
perfectly  inflexible,  though  neither  exist  bat  in  the  imagination. 

Prop.  44.  Cor.  6. — The  term,  a  given  quantity,  (in  the  fourth 
line  of  this  Cor.)  may,  perhaps,  need  some  illustration;  at  any 
.rate,  this  curious  property  alluded  to^  of  the  centre  of  gravity  of  a 
tysbem  of  bodies,  merits  our  particular  attention.  I  shall,  there- 
^re,  here  first  explain  what  is  meant  by  a  gioen  quantity,  lest  the 
inexperienced  reader  should  imagine,  that,  in  amf  system  of  bo-; 
dies,  the  quantity  here  alluded  to  should  -be  thought  to'  mean  a 
certain  numerical  undeviating  sum,,  let  the  bodies  be  of  any  mag- 
nitude, or  any  how  situated.  I  will,  therefore,  endeavour,  by  the 
help  of  a  diagram,  to  shew  what  is,  in  the  language  of  mathema- 
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tics,  meant  by  a  gnren  quantity.  Let  ABC  (Fig.  3.  PL  B.)  be  a 
semi-cirde,  ADC  the  diameter;  now,  if  AU  is  divided  in  any 
pointy  as  D,  and  DB  drawn  perpendicular  to  AC,  and  if  we  have 
the  distances  AD  and  DC  of  a  given  magnitude,  the  perpendi- 
calar  DB  is  said  to  be  a  given  quantity,  as  it  is  always  a  mean 
proportional  to  AD  and  DC,  let  the  point  D  be  any  where  situ- 
ated on  the  diameter  AC ;  hence,  if  we  make  this  proportion  as 
AD  :  BD  : :  BD  :  DC ;  and,  as  the  product  of  the  two  middle 
terms  is  always  equal  to  the  product  of  the  two  extreme  terms, 
we  have  BD  x  BD  =:  AD  x  DC,  or  BD«  =  AD  x  DC,  or 
BD  =  »/  AD  X  DC,  that  is,  BD  is  always  equal  to  the  square 
root  of  the  product  of  AD  and  DC ;  that  is,  BD  will  always  be  a 
quantity  which  is  known  or  deducible  from  the  quantities  AD 
find  DC ;  thus,  in  this  Cor.  the  several  distances  of  the  bodies 
f^om  the  centre  of  gravity  are  known  quantities,  and  the  diameter 
of  the  circle  is  any  known  distance ;  the  distances  of  the  lines 
drawn  from  a  point  in  the  circumference  of  that  circle  to  the 
several  bodies,  is  said  to  be  a  given  gtumtify,  because  it  is  dedu- 
cible from  these  lines,  (that  is,  their  several  distances  from  the 
centre  of  gravity,)  and  this  is  always  the  case,  let  die  point  taken 
be  any  where  in  the  circumference  of  the  circle  drawn  about  the 
centre  of  gravity. 

Prop.  46. — This  Prop,  does  not  seem  sufficiently  intelligible,  at 
least  not  sufficiently  clear,  in  the  passage  where  it  says,  *'  Where 
any  product  laying  the  contrary  way  from  R  must  be  taken  nega* 
tive  r  now,  in  adding  algebraic  quantities,  we  must  take  the  sum 
of  the  difference  of  those  quantities  affected  by  the  different  signs 
minus  and  plus  for  the  sum,  that  is,  you  subtract  the  sum  of  all 
the  minusses  from  the  sum  of  all  the  plusses  for  the  whole  sum  of 
the  quantities,  or  the  contrary.  Thus,  in  this  Prop,  the  plane 
which  is  supposed  to  be  acted  on  by  the  bodies  ABCfDE,  extends 
only  from  N  to  R,  and  as  the  body  situated  at  £,  is  beyond  the 
extent  of  the  plane  RN,  the  plane  veill  not  be  affected  by  the  body 
at  £ ;  therefore,  the  bodies  A  and  D  are  more  than  equal  to 
maintain  the  equilibrium  of  the  bodies  B  and  C  by  a  quantity  £ ; 
and,  therefore,  to  maintain  the  equilibrium,  the  body  or  quantity 
£  must  be  taken  from  that  of  the  suih  of  A  and  D :  thus,  as  the 
Prop,  states  A  +  D  =  B  +  C  +  £ ;  but  as  £  has  no  effect  on 
the  plane,  NR,  acting  in  a  perpendicular  direction  to  it,  we  must, 
to  make  A  +  D  r:  B  +  C,  take  the  quantity  £  from  it;  then  we 
have  A  +  D— E  ==  B  +  C ;  or  if  the  distances  aR,  6R,  <?R,  dR, 
and  eR,  are  multiplied  into  A,  B,  C,  D,  and  £,  we  shaH  have 
flR  X  A-^-dR  X  D=5Rx  B  +  cR  x  C  — cR  X  £, or, which 

./  T^.       oRxA  +  <^xD 

IS  the  same  thmg,    = = =  bR  x  B  +  cR  x  C. 

ejx  X  -^ 
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This  is,  therefore,  the  iDeaning  of  the  eR  being  taken  negative, 
(because  its  force  upon  NR  is  of  no  effect  when  E  acts  perpendicu- 
lariy  to  NR) ;  and,  consequently,  to  preserve  the  equilibrium,  the 
force  expressed  by  aRx  A-j-^^RxD  must  be  divided  by  the  force 
expressed  by  eRxE  to  maintain  the  equilibrium. 

Sution  6.  Prop,  56. — As  this  Prop,  seems  involved  in  some 
obscurity,  we  will  endeavour  to  give  some  illustration  of  it  that 
will  enable  us  to  comprehend  its  true  meaning.  And,  in  order  to 
which,  it  will  be,  perhaps,  necessary  to  go  through  the  whole 
Proposition,  makiog  our  remarks  as  we  proceed :  and,  first,  we 
will  state  the  Prop.,  as  we  conceive,  in  as  intelligent  a  manner 
as  the  subject  admits  of.  The  Proposition,  therefore,  amounts  to 
Ifais,  that  if  any  number  of  bodies  (or  a  system  of  bodies)  revolve 
about  a  common  centre,  which,  if  we  here  consider  as  an  axis,  is  as 
the  axis  of  a  wheel ;  and  if  in  their  revolution  (caused  by  any 
force  applied)  they  are  made  to  revolve  through  a  certain  portion 
of  the  circumference  they  describe,  in  a  given  time,  if  we  apply 
another  force  in  a  perpendicular  direction  to  the  axis,  this  last 
force  will  produce  a  motion  in  the  system,  which,  if  we  call  the 
original  force  f,  and  the  force  afterwards  applied  we  call  m,  the 
whole  motion  of  the  system  vnll  now,  in  the  same  time,  be  repre- 
sented by  the  expression    AxSA+BxSB+CxSC  p^ 

^  ^  AxSA«+BxSB«+CxSC«         '^ 

but,  by  the  concluding  expressions  in  the  demonstration,   the 

,  ,   ,        ^               ,,            .      AxSA+BxSB-fCxSC 
"Whole  motion  seems  to  be  equal  to x  ni. 

Now,  it  seems  to  those  not  well  conversant  in  algebraic  operations 
that  there  is  a  difficulty  in,  or  rather  an  omission,  in  the  author ; 
in  not  shewing  that  these  two  expressions  are  equal  to  each  other ; 
for  it  is  evident,  this  last  is  legitimately  produced  from  the  theory  of 
mechanics :  and  as  it  does  not  seem  to  correspond  veith  the  original 
expression  in  the  Prop,  itself,  we  will  endeavour  to  supply  what 
certainly  was  only  omitted  under  the  consideration  that  it  was 
not  necessary  to  those  conversant  with  algebraic  expressions ;  but, 
in  all  elementary  treatises,  it  is  necessary  that,  at  least,  no  am- 
biguity should  appear.  'I  will  here  shew  that  if  the  reader  atten- 
tively observes  tiie  preamble  of  the  demonstration,  he  will  find 
there  two  expressions  perfectly  identical,  and  of  course  the  Prop, 
is  correct  Thus  we  find  that  we  are  desired  to  put  the  sum  of  the 

AxSA»    BxSB»    CxSC    e     u     r 
expressions   — == — x — gP^^"^""^   '  therefore  the  last 

AxAS+BxBS+CxCS 


expression  above  used  vriW  be  AxAS*-f  BxBS»+CxCS»4.  w, 

SP 
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^here  —^ •    ^^ — is  put  instead  of  S.    Now  it 

SP 
is  known,  that  to  divide  any  quantity  by  a  fractioD,  is  the  same  as 
multiplying  it  by  that  fraction  whose  numerator  and  denominator 
are  reversed ;  therefore  (as  every  whole  number  may  be  considered 
as  an  improper  fraction  whose  denominator  is  unity  or  1,)  we 
,.,  ,  ,  .  AxAS+BxBS-hCxCS  , 
shall  have  to  multiply  the  traction ana 

SP 

which  is  evidently  the  same  as 


AxAS*-fBxBS«+CxCS 

AxAS+BxBS+CxCS      ^-,_         ,.       ,.  ur^u 

AxASM-BxBS'-fCxCS*^^^>  and  then  being  mulupbed  by 

^       ,w  ,  AxAS+BxBS+CxCS 

m,  we  have  the  original  expression  axAS'+BxBS'+CxCS 

xSPx^y  equal  or  identical  to  the  expression  above  shewn^  viz. 

AxAS-fBxBS+CxSC  ^^  ,  ..     .^     -, 
1 _ ! xw.   Before  we  leave  this,  it  may  be 

s 

necessary  to  explain  what  is  meant  by  angular  motion,  or  the 
angular  motion  of  a  system  of  bodies :  thus,  in  any  system  of 
bodies,  if  any  one  of  the  bodies  composing  that  system  has,  by 
its  revolution,  described  any  arc  of  a  circle  in  a  given  time,  the 
measure  of  that  arc,  or  the  angle,  the  lines  drawn  from  the  body 
to  the  centre  of  the  system  during  any  portion  of  its  revolutiou, 
in  a  given  time,  is  the  angular  motion  of  that  body ;  and  if  the 
whole  system  describes  die  same  arc  in  the  given  time,  the 
angular  motion  of  the  system  is  the  same  as  the  angular  motion 
of  any  body  composing  a  part  of  the  system ;  and  the  absolute 
motion  in  the  system  is  measured  by  the  angular  motion :  thus,  if 
a  system  pass  over  a  portion  of  its  circumference  equal  to  15 
degrees  in  one  hour,  we  say  the  angular  motion  is  at  that  rate ; 
afii  that  if  the  absolute  motion  of  the  system,  without  regard  to 
^e  actual  space  passed  over  by  each  body  composing  the  system : 
but  if  we  consider  the  absolute  motion,  as  measured  by  the 
actual  space  passed  over,  in  feet,  miles,  &c.  we  must  know 
the  angiuar  moCion,  and  also  the  radius  of  the  circle  the  body  de- 
•eribes,  and  thence  calculate  the  length  of  the  arc  itself,  in  miles, 
feet,  &c«  for  the  absolute  motion  of  the  body  in  space :  thus^  tf 
in  a  system,  the  bodies  whieh  compose  it  are  situated  at  different 
distances  from  the  centre  of  the  system,  these  bodies  may  have  all 
the  same ;  angular  motion ;  but  diese.  absolute  motions  in  space 
vnil  vary  as  they  are  at  greater  or  less  distances  from  the  centre 
of  the  system. 

Cor,  1.  Prop,  56. — In  this  Corollary  a  supposition  is  made  that 


Digitized 


by  Google 


NOTES.  279 

the  bodies  are  all  situated  at  O^  that  is,  all  at  the^ame  distance 
from  the  centre :  now,  yre  have  seen,  in  the  foregoing  Prop.,  that, 
let  the  bodies  be  any  how  situated,  the  motion  generated  will  be 
AxSA+BxSB+CxSC       gp  ^^^  ^  ^^  ^^^  substitute 

AxSA«+BxSB»+CxSC« 
the  distance  SO  in  the  places  of  SA,  SB,  SC,  we  shall  have  this 

expression  from  the  motion  generated,  viz.>^Jir^        ^  ^ 
^  6.  '        AxSO«+BxSO»-f 

xSO 

- — ~—  X  S  P  X  w;  and  as  the  expression  is  equal  to  the  for- 

cr.       1,  u    /•      J  I  *    AxSA»+BxSB«+CxSC! 

mer,  SO  will  be  found  equal  to-^^-gj^^g^^^g^^^j^^, 

which  shews,  that  the  absolute  motion,  or  angular  motion,  will  be 
still  the  same,  whether  we  suppose  the  bodies  to  be  all  situated 
at  the  same  or  equal  distances  from  the  centre  of  the  system,  or  at 
different  distances,  as  we  do  not  here  take  into  account  the  weight 
of  the  bodies :  but  their  angular  velocities  will  be  different,  that  is, 
the  velocities  with  which  the  bodies  describe  or  move  through  any 
given  arc  or  part  of  the  circumference  will  be  different;  for  if  a 
body  describes  a  given  arc,  in  a  given  time,  at  a  certain  distance 
from  the  centre,  it  is  plain,  that,  to  move  through  an  equal  arc  at 
twice  the  distance  from  the  centre,  iu  the  same  time,  it  must  move 
with  a  greater  velocity,  and  the  contrary ;  as  it  will  have  to  move 
through  a  greater  or  less  space  according  to  the  radius  of  the  cir- 
cle they  describe  in  the  same  time,  therefore  must  move  with 
greater  or  less  velocity,  though  the  angular  motion  is  the  same. 

Prcf.  57.  Centre  rf  Percussion. — In  order  to  well  understand 
what  is  meant  by  the  centre  of  percussion,  to  enable  us  to  apply 
it  in  the  construction  of  machines,  we  will  endeavour  to  descnbie 
it  in  a  ^miliar  manner.  Thus,  in  striking  any  body  with  a  bar  or 
lever,  we  know  by  experience,  that  if  the  blow  is  given  at  or  near 
the  extremity  of  the  lever,  it  will  jar  or  attempt  to  fly  out  of  your 
hand ;  which,  if  suffered  to  do,  the  end  you  hold  in  your  hand  will 
strike  the  ground :  on  the  contrary,  if  the  blow  is  given  with  that 

Sart  of  the  lever  near  the  hand  it  will  also  jar,  but  in  a  contraiy 
irection;  that  is,  the  end  held  in  the  hand  will  attempt  to  fly 
upwards :  now,  there  evidently  must  be  a  point  between  these 
two,  where,  if  a  stroke  is  given,  the  full  effect  of  the  blow  will  be 
sensible,  and  the  lever  will  not  attempt,  after  the  stroke,  to  fly 
^  upwards  or  downwards,  but  will  remain  at  rest,  without  jarring 
the  hand :  and  this  point  in  the  lever»  or  bar,  is,  in  mechanics^ 
called  the  centre  of  percussion,  or  the  point  in  the  striking  body, 
where,  if  it  strikes  another,  the  effect  will  be  the  most  powerful; 
and  as  the  centre  of  gravity  of  a  body  is  a  point  on  which,  if  sus- 
pended, the  body  woidd  be  in  equilibrio,  so  the  centre  of  per- 
cussion is  a  point  in  which  the  whole  momentum  of  the  moving 
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body  is  placed  to  produce  the  greatest  eff^t,  or  the  force  of  per- 
cussion communicated  to  the  whole  boby  is  (centered,  and^  con- 
sequently,  balance  each  other  when  the  stroke  is  given. 

Frop.  57.  Cor.  7.  Xoq<f.-^A8  ^is  terfii  is  in  frequent  use  in 
mathematical  and  mechanical  speculations,  as  well  in  theory  as  in 
praictice,  we  would  define  it  to  be  that  lide,  whether  straight  or 
curted,  ivhiioh  is  produced  by  the  motion  of  another  line,  or  other 
lines,  which  always  move  either  in  a  known  proportion  to  each 
other,  or  in  a  constant  ratio  about  one  or  more  points,  or  along  one 
or  more  linies,  whose  positions  are  given.  Thus,  the  lobus  of  any 
given  Une,  revolving  about  a  fixed  point,  as  a  centre,  will  be  a 
circle ;  but  if  the  line,  instead  bf  revolving  about  a  point,  always 
moves  parallel  to  itself,  at  any  angle,  along  another  straight  line, 
it  will  describe  another  straight  line ;  and  this  line  is  called  the 
locus  of  the  other,  and  of  the  line.  Again,  if  twb  lines  revolve 
about  two  centres,  crossing  each  other,  and  if  the  mm  of  the  dis- 
tances, from  the  point  of  intersection  to  the  tw6  centres,  is  always 
^  nven  quantity,  the  locus  (or  place)  of  the  point  of  intersection 
WUl  be  an  elipse :  for  the  property  of  that  curve  is,  that  if  firom 
any  point  in  the  circumference  we  draw  two  lines  to  the  two 
centres  (or  foci),  the  Sum  of  these  lines  is  always  a  constant  quan- 
tity ;  and,  Uierefore^  (in  the  Cpr.)  the  line  OT  will  be  the  place  in 
which  the  centre  of  percuss}bn  will  always  be  found,  as  the 
bodies,  or  the  system  of  bodies,  ABC  oscillate  round  S  as  a 
centre;  the  meaning  of  which  is,  that  let  the  line  OT  be  of  what 
length  it  may,  if  its  end  T  strike  an  object,  it  is  the  same  thing  as 
if  &e  point  O  struck  it. 

Prop,  58.  Centre  of  Oscillation. — ^In  order  that  ho  misconcep- 
tion may  arise  from  the  definition  given  of  this  point,  which  is, 
that  if  all  the  particles  of  the  body  were  concentrated  in  a  certain 
part  of  a  vibrating  or  oscillating  bodi/,  it  would  vibrate  or  osdUate  in 
the  same  time  as  the  whole  bodi/y  let  \xs  suppose  that  a  penduhim  is 
devoid  of  weight,  except  at  the  point,  which,  if  it  had  weight, 
V^ould  be  its  centre  of  gravity ;  in  this  case,  'Hie  centre  of  gravity 
would  be  the  centre  of  oscillatidn :  but,  as  every  body  has  weight, 
even  the  smallest  wire  which  might  compose  &e  pendulum,  this 
point,  viz.  the  centre  of  oscillation,  must  be  different  to  the  point 
Where  the  centre  of  gravity  of  the  wire,  or  bar,  composing  the 
pendulum,  is  situated.  Thus,  if  we  suppose  a  bar  of  a  certain 
lengthy  of  equal  size  throughout,  and  a  weight  suspended  by  a  very 
fine  thread,  which,  for  the  sake  of  illustration,  we  will  suppose  of 
ho  sensible  weight,  to  which  is  attached  at  its  end  a  weigpt  equal 
in  weight  to  the  bar;  and  if  both  pendulums  were  of  the  same 
length,  thev  would  vibrate  not  in  equal  times,  as  the  absolute 
weight  of  the  one  was  dispersed  throughout  its  whole  length, 
and  the  other  was.  concentrated  in  one  point;  so  there  inust 
be  a  point  in  the  former,  in  which,  if  we  suppose  its  whole 
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wqighi  t):sKi9ferT8d,  will  make  it  vibrate  in  t|)6  same  time  a^  the 
latter;  and  this  point  i^  called  the  centre,  f)f  ptallation ;  for  wheii 
the  bob  pf  &•  pendulum  is  very  Aeffvjr^  in  Tespe^'  qf  the  pendulum- 
rod  itself,  the  centre  ot  oscillation  conespoqds  nearly  to  the  centre 
of  gravity  qf  the  bob,  or  \^b\\,  ^t  the  end  of  ijhe  pendulum-rod ; 
am)  thus  we  say  a  pendulum  is  of  a  certain  length,  to  vibrate  m 
a  certain  time :  we  take  for  the  length  of  the  pendulum,  the 
distance  of  the  centre  of  oscillation  from  the  centre  of  suspension ; 
^nd  then,  if  th^  pendulum  is  composed  of  a  oar,  or  even  an 
irregular  figure,  jf  we  caiy  find  its  centre  of  oscillation,  and 
measure  -firom  that  point  to  the  centre  of  suspension,  we  can  cal- 
culate the  i^umber  of  vibratioxis  it  will  make,  in  a  gt^en  time. 

Print'  59.  Centre  of  (hflrati(m.-^Thls  point  in  a  body,  or  isystem 
of  bpdies,  is  spmewl^at  analogous  to  the  centre  or  osculation,  and 
oply  differs  ix^  this  respect,  that  this  po^nt  is  that  in  which  any 
force  applied  will  produce  a  certain  effect,  but  that  it  is  applied 
only  to  that  point ;  whereas,  in  the  latter  case,  the  motion  of  the 
body  is  produced  by  the  action  of  gravity  on  all  the  parlacles  qf 
tl^  body :  thus,  in  the  centre  of  gyra^on,  the  body  is  put  in 
motion  by  some  other  force  acting  only  in  one  point ;  and  if  thi^ 
point  19  such  as  to  produce  the  same  effect,  willi  regard  to'tKe 
al^^;^lar.  velocity  ^f  the  system,  as  if  the  whole  system,  were  /col- 
lect^ in  jij^iat  ppuU,  th^  pvint  is  called  the  centre  of  gyradon« ' 

Pfvp,  61.  Cor,  1. — I'^mcn  is  ji  tejno).  used  jn  jj^ech^cs  to 
den9tte  that  state  of  a  cora,  or  strmg,  ?flv^  any  forc^  is  ^p1JLe<d 
Jto  il^  in  order  tq  stretch  it  l^eyqud  its  ^atuiai  isngth,  and  niii^ 
Sifji  be  confounded  witli  the  aptual  strength  of  the  c/ofd,  Sdc.  to 
resist  a  given  force. 

Prop.  66.  SchoUum.'T-Jji  or^er  to  ms^e  this  scholium  perf^tly 
i];itelligible,  as  well  a^  to  illustrate  the  term  redprocaUy  ift^  we 
mil  endeavour  .to  fimuliarize  the  e^ressjio^n,  where  it  sayis^  that 
jthe  weight,  or  force,  at  apy  place,  will  be,  to  preserve  t);ke  equJii- 
brium  reciprocally,  as  AG' :  now,  the  meaning  of  this  is,  that  sui^ 
.posing  any  number  of  points  in  ^  Qezible  line,  and  a  weignt 
suspended  from  each  point,  these  weights  must,  in  order  to  balance 
leacn  o&er,  have  a  given  proportioo:;  whioh  proportion  i^  fiif^ 
pressed  by  the  squsire  of  the'  sine  of  the  angle  the  weight  or 
point  from  which  it  is  suspended  makes,  with  a  tiqei  drawn 
nom  the  centre  of  the  two  points  of  suspension^  and  ei^r  point 
of  suspension.  And  aiB  the  sine  increases  as  thii  angle,  ancveases, 
so  the  weight  must  diminish  in  the  same  proportion ;  and  this  is 
said  to  be  reciprocally  as  the  sine  of  the  angle,  or  as  AO# :  and,  in 
like  manner,  as  the  secant  of  the  angle  decreases  as  .the  angle  is 
augmented,  so  the  weight  diminishes  itk  a  certain  r^tio^  via.  .fistthe 
€tibe  of  the  arc  BA,  that  is,  in  disect  ptopoition  tothe  yecant^  tor 
in  reciprocal  prbp6rtion  as  the  sine  of  the  arc,  that  is^  in  oto  case, 
the  ^less  the  secant  the  less  the  weight;  and  this  is  direct  pro- 
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portion ;  and,  in  the  other,  the  less  the  sine,  the  greater  the  weight ; 
and  this  is  reciprocal  proportion. 

Prop.  69.  Oor,  3. — Tliat  is,  supposing  two  beams,  of  different 
lengths,  for  instance,  12  feet  and  6  feet,  and  at  the  end  of  the  one 
of  twelve  feet  a  weight  is  suspended  of  50  pounds ;  now,  as  the 
beams  are  in  length,  to  each  other,  as  12  is  to  6,  thai  is  as  2  is 
to  1,  then  the  weights  must  be  in  reciprocal  proportion  as 
these  lengths;  therefore  a  weight  of  100  pounds  hung  at  the 
extremity  of  me  beam  of  6  feet  will  strain  that  as  much  as  a 
weight  of  50  pounds  hung  at  the  extremity  of  the  beam  of  12  feet 
in  length. 

Prop.  73.  Cor.  1. — In  our  observation  on  Prop.  15/  we  have 
explained  the  nature  and  construction  of  the  parabola,  that  is,  the 
parabolic  curve,  as  found  by  the  section  of  a  cone ;  and  we  diere 
see  tbat  there  is  always  a  certain  relation  between  the  abscissa  and 
ordinate,  and  which  relation,  in  the  language  of  algebra,  is  ex- 
pressed hy  pxzzy;  that  is,  if  we  call  p  a  constant  given  quantity, 
X  the  abscissa  and  y  the  ordinate,  to  any  point  in  the  curve,  tlus 
expression  denotes  that  the  curve  is  the  common  parabola ;  now, 
if  we  have  a  curve  given,  if  we  mechanically  measure  the  ab- 
scissa  and  ordinate  corresponding  to  any  number  of  points,  we 
may,  by  comparing  the  relation  which  the  abscissa  and  oidinate 
bear  to  each  other,  find  the  specie  of  curves  to  which  it  belongs ; 
and  if  we  find  the  abscissa  vary  as  the  square  of  the  ordinate, 
we  pronounce  it  a  parabola ;  but  if  we  find  the  abscissa  varies  as 
the  cube  of  the  ordmate  instead  of  the  square,  it  is  called  a  cubic 
parabola,  that  is,  if  |i  be  a  given  constant  quantity,  the  equation 
or  algebraic  expressionpjr=^a  denotes  it  to  be  a  cubic  parabola. 

Prop,  73.  dr.  2. — But  if  the  nature  of  the  curve  is  found  to 
be  such  that  the  square  of  the  abscissa  always  varies  as  the  oAe 
of  the  ordinate,  the  curve  is  said  to  be  a  semi-cubic  parabola : 
thus,  if  J)  represent  a  given  constant  quantity,  and  if  p*«=:y*,  the 
curve  is  a  semi-cubic  parabola. 

Prop.  73.    Cor.  3.— -The  algebraic  expression    denoting    tlic 

curve  to  be  an  elipse  is  ^•izflii.fll^  where  y  represents  the 

ordinate,  #  the  abscissa,  c  the  conjugate  or  shortest  diameter,  and 
/  the  transverse,  or  longest  diameter  of  the  elipse;  that  is, 
in  words,  the  square  of  any  ordinate  is  always  equal  to  the 
square  of  the  conjugate  diameter  multiplied  by  the  rectangle  of 
the  two  abscissas,  and  the  product  divided  by  the  square  of  the 
transverse  diameter;  hence,  in  the  elipse,  we  have  always  the 
following  proportion,— as  the  square  of  the  transverse,  or  longest 
diameter,  is  to  the  square  of  the  conjugate,  or  shortest  diameter, 
so  is  the  rectangle  of  the  two  abscissas,  (that  is,  the  two  parts  the 
transverse  diameter  are  divided  into  by  the  point  where  the  ordinate 
meets  it,)  to  the  square  of  the  ordinate. 
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Prop.  79.  Cor,  i;— The  tenn  defUetwn  is  here  to  be  under- 
stood as  distinct  from  the  curvature  the  beam  assumes,  and  is 
applied  to  the  effect  the  force  of  gravity,  or  weight  of  the  beam, 
exerts  to  make  any  point  descend  from  the  horizontal  position  it 
would  otherwise  remain  in ;  and  the  quantity  of  deflection  is  mea- 
sured by  the  perpendicular  line  drawn  from  any  point  in  die 
curve  to  the  horizontal  line  AB  or  AC,  Figure$  7  and  8.  Fl.  XI. 

Prop,  79.  Cor,  3. — The  curvature  of  a  beam,  which,  by  its 
weight,  bends  from  the  horizontal  line,  is  said  to  be  given,  because 
we  have  seen  (in  Prop.  66.  Cor.  5.)  that  if  several  touns  are  con- 
nected together,  and  suspended  from  two  points,  the  positions  of 
the  angular  points  where  they  meet  are  always  to  be  found  by  the 
rule  there  given,  and  are,  therefore,  invariably  alike,  in  the 
same  or  similar  beams  so  connected ;  now  if,  instead  of  a  number 
of  beams,  we  divide  one  beam  into  a  number  of  equal  parts,  we 
may  call  these  parts  separate  beams ;  and  the  action  of  gravi^  on 
these  several  paits  will  cause  it  to  bend,  or  deflect,  from  the  hori- 
zontal line ;  and  as  these  bendings,  or  deflections  of  any  part,  can, 
by  the  proposition,  be  calculated,  we  can  always  find  their  posi- 
tion :  hence,  if  the  parts  are  supposed  to  be  infinite,  they  will 
form  one  continued  curve  line. 

Page  102,  Une  21.-— In  reference  to  Fig,  14.  Plate  XI.  the 
reader  will  perceive  that  the  figure  is  wrongly  represented.  Tor  it 
should  not  oe  drawn,  as  it  is  there,  with  the  sides  convex,  but 
as  Fig,  4.  Plate  B,  with  the  sides  concave  towards  the  axis; 
and  this  error  is  corrected  in  the  latter  editions  of  this  work,  as 
well  as  noticed  in  the  8vo.  ^edition  of  Emerson's  Elements  of' 
Mechanics, 

Page  102,  line  3.  from  the  bottom* — logarithmic  curve, — In 
order  to  have  some  idea  of  this  curve,  and  its  method  of  con- 
struction, letABCDE  (^Fig,  5.  Plate  B,)  be  any  indefinite  right 
line,  and  let  it  be  divided  into  any  number  of  equal  parts, 
and  perpendiculars  be  drawn  from  all  the  points  ABC,  &c. 
and  let  their  lengths  AF,  BG,  CH,  DI,  and  £K,  be  a  series  of 
geometrical  proportions,  that  is,  if  AF:=2,  BG=:4,  CHi^B,  &c. 
and  AB  is  an  abscissa,  and  BG  its  corresponding  ordinate,  and 
so  of  the  rest :  thus  the  abscissas  are  the  logaridims  of  tiie  cor- 
responding ordinates ;  for  the  abscissas  are  a  series  of  arithmetical 
proportionals,  while  the  ordinates  are  a  series  of  geometrical  pro- 
portionals, which  are  the  properties  of  logarithms;  hence,  the  name 
of  the  curve  passing  through  the  points  FGH,  &c.  is  called  the 
logarithmetic  curve,  or  logistic  curve :  and  here  it  may  not  be 
amiss  to  explain  what  is  meant  by  the  term  assynptote  to  a  curves 
it  is  that  strait  line  which,  if  infinitely  continued,  approaches 
nearer  and  nearer  the  curve,  but  would  never  meet  it :  thus,  in 
this  curve,  if  BA  is  produced  beyond  A,  and  the  curve  GF  is 
produced,  it  will  continually  approach  A£.    But  as  a  series  of 
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numbers,  in  ge&tkeitioA  pirb|K>iti(M^  may-  be  contihus^  de- 
creasing without  ever  becoming  equal  to  O ;  so  the  ordinates  of 
the  cuive  may  oontintially  decrease  without  ever  xx>inddin]^  with 
the  axis  6f  the  curve :  hence,  in  the  logarithmetic  cutve,  tfce  axis 
AE  is  an  assymptote  to  die  curve. 

Prop.  81.  Cor.  1. — ^We  here  see  the  reason  why,  in  taking  the 
level  fofr  the  tonstmction  of  a  canaf^  or  odier  purposes,  as  the 
conveying  of  water  ftott  one  pl^e  to  anodier  in  pipes,  an  allow- 
ance must  always  be  made  for  this  curvature  ^  the  eailh's  surfoce; 
for,  as  the  earm  is  a  sphere,  'br  nearly  so^  and  the  gravitating 
force  situated  at,  or  nearly  in*,  Ti4a  ocMe,  die  surfiice  of  any  fluid 
on  it  will  take  the  icfrm  of  th^  curvature  of  the  earth's  surface, 
lind  not  that  of  k  tangc^nt  to  it :  for  let  ABC  {Fig.  6.  PI.  B)  be  a 
jportion  of  the  earth's  -Surface,  *and  it  is  required  to  construct 
^  canal  from  the  points  B  to  C ;  now,  if  we  take  the  optical,  or 
apparent  leVef,  u  ^11  be  in  -tfate  direction  BD  a  tangent  to  the 
earth's  surface ;  but  as  its  gravity  will  draw  the  water  in  the  curve 
BC,  we  must  m^ke  an  allowance  of  such  a  nature,  that,  knowing 
the  distance  BC,  we  may  make  k  proper  allowance  for  the  devi- 
ation of  C  from  D,  as  the  arc  BC  is  me  true  level  required,  and 
not  BD,  which  would  be  the  level  as  taken  with  any  instrument 
for  levelling.  Tables  have,  acc<:)vdingly,  been  calculated  to  make 
this  allowance ;  of  which  the  following  vnll  not,  perhaps,  be  unac« 
ceptable ;  and  here  the  di^ftances  are  such  as  are  measuml  on  the 
earth's  surfece. 


I^i^tanoe 

Allowance 
inlndiee. 

Disthnoe 

AUowance 

.Meosiired 

in  Feet 

in  Yards. 

in  Miles.  ^ 

and  Inches. 

100 

0.026 

i 

0.  Oi 

200 

0.103 

j 

0.  2 

300 

0.231 

0.  4i 

400 

0.411 

1 

0.  8 

500 

0:643    I 

H 

2.  8 

600 

0.925 

3 

6.  0 

700 

1.260 

4 

10.  7 

800 

1.645 

5 

16.  7 

900 

2,081 

6 

23.11 

1000 

2.570 

7 

32.  6 

1100 

3.110 

8 

42.  6 

1200 

3.701 

9 

53.  9 

1300 

4.344 

10 

66.  4 

1400 

5.038 

11 

80.  3 

1500 

5.784 

112 

95.  7 

1600 

6.580 

13 

112.  2 

iroo 

7.425 

14 

130.  1 
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This  iaJkfle  will  be  fouxid  useful  to  the  engineer  and  surveyor^ 
in  mopy  inst^^ces :  thus,  1 .  To  find  the  height  of  the  apparent 
level  above  'the  true.  2.  Tp  find  from  the  dist^ce  given  of  a 
springy  or  reservoir,  fi::om  any  house,  the  height  the  w^ter  will 
raise  to  a  cistern  in  the  given  place,  and  many  others ;  for  which 
see  Hutton  and  BslAovt'^  Matnematical  Dictionaries. 

Prop.  83.  Case  2.  Cor,  1.  Page  109.^ In  order  to  illustrate  this 
Corollary, — ^for  on  it  depends  a  well  known,  though  seemingly 
contradictory  property  of  fluids,  as  considered  with  respect  to  me-, 
chanical  principles,  and,  hence,  denominated  the  hydrostatic 
paradoxy  viz.  that  it  is  ppssible  to  make  any  quantity  of  fiuid| 
however  small,  balance  a  weight,  or  quantity  of  fluid  however 
large, — ^we  will  endeavour  to  explain  the  principle,  as  weU  as  the 
problem  itself,  known  under  the  title  of  the  hydrostatic  paradox 
and  which  is  usually  illustrated  by  what  is  called  the  hydrostatic 
bellowSf  mentioned  in  this  work ;  and  on  this  principle,  the  hydro^ 
static  press,  now  generally  known,  is  con^ti^cted,  and  which, 
as  it  is,  in  fact,  a  new  mechanical  power,  or  a  power  but  lately 
applied  to  any  useful  purpose^  a  description  of  the  machine,  in 
Its  most  simple  form,  may  be  acceptable  to  our  readers :  and, 
first,  as  respects  the  hydrostatic  bellows,  (which  the  reader  vnll 
excuse  me  for  again  repeating,)  let  AB,  CD  {Fig,  1.  PL  C)  b^ 
two  boards  join^  tQgetlier  in  the  manner  of  a  pair  of  bellows, 
but  having  no  valves :  in  any  part  of  AB,  the  upper  board,  let 
there  be  a  small  pipe,  as  £F,  inserted :  now,  these  ooards  wiU,  in 
their  natural  state,'  rest  on  each  other,  and  if  we  pour  anyiluid, 
as  water,  into  the  tube  at  E,  it  will,  of  course,  raise  tl^e  board 
!AB,  ^nd  fin  the  space  included  between  AB  and  CD :  now,  if 
weights,  as  shewn  atG,  be  placed  on  A^^  they  will,  of  course, 
force  the  water  up  in  the  tube  DF;  and,  supposing  the  water 
included  between  ABCD  to  weigh  one  hundred  weight,  it  is 
natural  to  suppose  that  if  the  weight  laid  on  AB  exceeded  one 
hundred  weight,  the  whole  of  the  water  would  be  expelled,  and, 
of  course,  raise  in  the  tube  EF^  which,  if  long  enough,  would 
contain  the  whole  of  it;  or,  if  not,  it  would  run  out  at  the  end  E; 
^nd  so  it  ought  to  do  upon  principles  purely  mechanical.  But  if 
,we  advert  to  the  simple  principle,  that  fluids  press  equally  in  all 
directions,  which  experiment  fiilly  justifies,  and  also  that  a  fluid 
poured  into  a  tube,  bent  into  any  form,  will  raise  itself  in  each  leg 
of  the  bent  tube  to  equal  heights,  or  that  it  will  always  find  its 
level,  therefore  the  weight  on  AB  may  be  considered  as  the 
y eight  of  a  quantity  of  water  equal  to  one  hundred  wei^t;  and 
if  a  tube,  as  AB,  {Fig.  2.  PL  C.)  be  joined  to  another,  ^as  CD, 
of  a  diameter  e^ual  to  that  of  EF,  {Fig.  1.  PL  C)  the  water  in 
the  two  tubes  will  be  at  equal  altitudes;  or  a  l^i^ndred  weight  of 
water  in  AB  will  balance  an,  ounce,  or  less,  in  CD,  according  to 
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the  diameter  of  CD ;  so,  in  like  manner,  a  hundred  weight,  in 
AB,  {Fig.  1.  PL  C)  will  balance  an  ounce,  or  less,  of  fluid  in 
£F,  according  to  its  diameter.  Now,  it  is  plain,  that  as  water 
always  finds  its  level,  if  we  suppose  the  tube  CD  of  such  a 
diameter  that  six  inches  in  length  will  sustain  one  hundred 
weight,  we  see  that  the  six  inches  in  CD  exactly  balance  the  six 
inches  in  AB.  In  like  manner,  if  the  diameter  of  the  cylinder, 
formed  by  the  boards  ABCD,  (in  Fig.  1.  PL  C)  is  such  as  to 
contain  one  hundred  weight  of  water  in  six  inches  of  height,  and 
the  diameter  of  the  tube  or  pipe  EF  is  such  that  six  inches  in 
length  shall  contain  one  ounce  of  water,  eveiy  hundred  weight 
placed  on  AB  will  balance  every  ounce  poured  into  the  tube 
feP:  hence,  by  a  parity  of  reasoning,  if  the  tube  EF  is  di- 
minished, so  that  six  inches  in  length  shall  contain  but  one 
drachm  of  water,  it  will  still  balance  one  hundred  weight  placed 
in  AB :  thus,  if  the  tube  is  of  sufficient  length,  we  may,  by 
a  small  quantity  of  water,  raise  any  weight  placed  on  the  board 
AB;  and  hence,  we  see  that  a  small  pressure  on  the  fluid  in  the 
tube  EF  will  raise  a  weight  on  AB  so  much  greater  than  itself, 
as  the  diameter  of  AB  exceeds  that  of  EF ;  and  this  naturally 
leads  us  to  the  principle  of  the  hydrostatic  pressy  whidi  we  will 
now  describe. 

•  Let  AB  {Fig,  3.  PL  C)  be  a  pipe"  of  small  diameter,  say  one 
inch;  DE  anomer  of  much  larger,  say  12  inches;  and  let  them 
be  connected  together  by  the  pipe  BC ;  then,  if  we  pour  water 
into  one,  as  AB,  it  will  raise  to  the  same  level  in  ED :  now,  if  a 
piston,  or  a  plug,  is  fitted  into  the  tubes  AB  and  ED,  we  find, 
upon  the  principles  above  shewn,  that  a  small  weight  on  the 
piston  at  AB  will  balance  a  much  greater  one  in  the  tube  DE : 
thus,  by  a  small  pressure  on  the  end  of  the  piston  FG,  we  are 
enabled  to  raise  the  piston  HI ;  so  that,  supposing  the  end  I  to 
press  against  any  body,  it  will  press  it  with  a  force  so  much  the 
greater,  as  the  tube  DE  is  greater  than  AB:  for  instance,  tf 
we  suppose  the^  diameter  of  £he  tube  ED  to  be  such  that  eveiy 
inch  in  its  height  shall  contain  50  pounds  of  water,  and  that  of 
AB  such  that  every  every  inch  also  in  height  shall  contain  but  one 
ounce,  we  have  a  power,  which,  if  applied  to  G,  by  pressing  on 
~  the  surface  of  the  fluid,  will,  for  every  ounce  of  pressure,  lift 
50  pounds  on  I;  that  is,  with  a  force  of  little  more  than  Ij 
pounds,  we  are  enabled  to  lift  a  ton  weight;  but  here,  as  in  aU 
other  mechanical  engines,  what  is  gained  in  power  is  lost  in  time, 
or  the  distance  the  power  moves  through  will  be  in  proportion  to 
the  distance  the  body  moves,  as  the  power  is  to  the  wei^^t. — This 
is  the  theory  of  the  hydrostatic  press ;  but,  in  practice,  is  somewhat 
different,  as  a  forcihg  pump  is  applied,  instead  of  direct  pressure, 
by  a  piston  oh  the  tube  AJB,  and  a  contrivance  for  opening  the 
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.  valres  that  retain  the  water  forced  into  ED,  so  that  the  press 
shall  release  the  goods,  or  whatsoever  has  been  subjected  to  its 
action.  It  is  scarcely  necessary  here  to  remark,  that  the  action 
of  this  press  is  directly  the  contrary  of  the  common  press, — that  of 
exerting  the  force  downwards,  while  this  does  the  same  in  an 
upward  direction. 

Prop.  83.  iScAo/tum.—- Though  the  action  of  capillary  tubes  are  not 
the  subject  of  hydrostatic  laws,  as  the  term  has  been  introduced, 
and  is  several  times  mentioned  in  this  work,  it  may  be  as  well  to 
say  a  few  words  on  the  subject,  as  well  as  to  define  the  term. 

Capillary  Tubes  are  small  pipes,  or  canals,  whose  bores  are 
exceedingly  small  or  narrow — their  usual  diameters  being  about 
one-twentieth  or  one-thirtieth  part  of  an  inch,  and  some  much 
smaller  than  even  that.  Dr.  Hook  is  said  to  have  made  some 
whose  diameters  were  not  more  than  that  of  a  spider's  thread. 
Some  of  the  principal  phenomena  of  these  tubes  I  will  now  men- 
tion :  take  several  of  them,  of  different  sizes,  open  at  both  ends, 
and  immerse  them  a  littie  way  in  water ;  you  will  immediately  see 
the  fluid  raise  up  in  tiiem  to  different  heights,  according  to  their 
diameters,  ascending  the  greatest  height  in  the  smallest  tubes ;  and 
these  heights  have  been  ascertained  to  be  in  the  reciprocal  proportion 
of  their  diameters.  The  greatest  height  that  water  has  been  seen 
to  ascend,  is,  according  to  the  experiments  of  Dr.  Hook,  about 
twenty-one  inches.  These  heights  are,  however,  not  the  same  for 
all  fluids,  for  some  elevating  themselves  considerably  higher  than 
others,  whilst  the  mercury,  instead  of  being  elevated,  fiiUs  lower 
than  the  surface  in  which  it  is  immersed.  Another  extraordinary 
phenomenon  is,  that  if  a  fluid  is  suspended  in  a  capillary  tube, 
and  suffered  to  run  out,  it  will  only  drop  firom  it  slowly;  but  if  the 
tube  is  electrified,  it  will  run  out  m  a  continued  stream.  These 
phenomena,  though  differing  from  the  general  principles  of  hydro- 
statics, have  not  yet  been  sufficientiy  investigatea,  though  they  seem 
to  depend  upon  the  general  principle  of  attraction,  or  that  prin- 
ciple which  bodies  have  to  adhere  together,  some  in  a  greater  and 
omers  in  a  less  degree,  while  some  seem  endowed  with  a  repelling 
propensity,  and  endeavour  to  fly  from  each  other.  These  different 
qualities  seem,  in  my  opinion,  to  depend  more  upon  the  chemical 
than  the  mechanical  properties  of  bodies;  and,  therefore,  till  some 
series  of  experiments  nave  been  accurately  made,  it  will  be  in  vain 
to  attemipt  to  lay  down  any  general  rules,  or  submit  to  calculation 
the  forces  of  capillary  attraction. 

-  Frvp.  84.  Homogeneom  is  a  term  applied  to*  all  bodies  that 
are  of  equal  densities  throughout,  or  are  composed  of  a  collection 
of  particles  of  the  same  nature :  thus — ^metals,  stones,  &c.  are  said 
to  oe  homogenous  bodies ;  and  this  term  is  used  in  opposition  to 
heterogeneous,  or  that  which  is  made  up  of  a  mixture  of  sub- 


Digitized 


by  Google 


288  APPIJJDIX. 

stances  diffenDg&om  each  other  in  thair  nature  a|Mi  q»alities ;  Umis, 
a  ball  of  lead  is  an  homogeneous  body;  v)ule  one  TOf^de  up  of  a 
mixture  of  metal^  woody  «tone,  &c.  such  as  a  building,  or  a  9hip> 
is  called  an  iettrog/meom  bo^ :  and  this  is  what  is  meant  in  Cor. 
3«  of  the  same  Proposition. 

Prop.  84.  Cor.  3. — ^This  Cor.  may  be  very  aptly  illustrateid  by 
the  motion  >of  an  arrow,  where,  from  the  head  being  much  h^vier 
than  the  shait,  the  centoe  of  gravity  is  very  near  the  head,  and  the 
.centre  of  magnitude  that  point  which  is  at  equal  distances  from 
Uie  two  extremities  of  the  arrpw ;  hence,  in  its  motion,  the  centre 
4>f  gravity,  or  that  point  near  the  head,  goes  foiemos^  w^ile  the 
centre  of  magnitude  follows  it  as  here  stated. 

Frop.  84.  Cor.  4. — ^This  Cor.  seems  to  imply,  that  if  the  body 
which  is  placed  iu  the*  fluid  is  of  either  greater  or  less  specific  gra- 
vity, it  wiU  be  always  in  motion ;  whereas,  what  is  meant,  is  simp^ 
ibat  if  the  body  is  heavier  than  the  fluid,.it  will  continuaUy  sink  in  it 
till  it  reaches  the  bottom  of  the  vessel  which  contains  the  fluid ;  or,  if 
it  isili(j^ter  than  the  fluid,  it  will  always  raise  towards  the  suriaice,  let 
it  be  placed  in  any  part  of  the  fluid  beneath  that  sur&ce;  but  that 
if  it  isof  Uie  same  specie  gravity  as  the  fluid,  it  ^^1  remain  at  rest, 
if  placed  in  any  part,  and  will  not  have  a  tendency  either  to  descend 
or  .ascend. 

jProp.  85.— rOn  the  principles  shewn  in  this  Proposition  depend 
the  use  and  construction  of  the  hfdroitatic  balance,  or  machine  for 
ascertaining  the  specific  gravities  of  bodies,  and,  consequently,  as 
-applied  to  Sie  arts,  the  qjuantity  of  any  allpy  mixed  with  tn^  gold  or 
silver  which  we  manufacture,  either  into  coin,  of  differant  articles 
of  utility  or  ornament ;  the  principle  of  which  is  as  follows.  First, 
we  weigh  the  artidein  the  ^,  in.  the  common  way  j  then,  suspend- 
ing it  from  the  scale  by  mesM^s  of  ahorse  hair  qr  otherwise,  we  let  it 
Jiang  in  a  vessel,  of  water,  and  bfilance  it.by  weights  in  the  other 
Male,  and  from  the  quantity  of  weight  lost  in  weighing  in  the  fluid 
we  estimate  its  specific  gravity ;  and,  consequently,  knowing  by 
experiment  the  specific  gravity  of  gold  or  silver,  we  are  enabled  to 
Sdkd  the  quantity  of  alloy  used. 

Prop.  86. — By  means  of  the  properties  here  shewn^  respectii^ 
bodies  floating  in  a  fluid,  we  are  enapled  to,  ascertain,  from  the  4i- 
pensions  of  any  vessel,  sus  a  ship  or  barge,  the  quantity  of  merchanr 
dise  she  will  be  able  to  carry  without  danger. of  sinking,  or,  as. is 
fix>ixmon\Y  expressed,  the  tannage  of  any  vessel;  for  as  we, know 
the  specific  gravity  or  weight  of  a  cubic  foot  of  water,  if  we  kn^w 
the  dimensions  of  the  part  of  the  vessel  immersed  in  it,  ire*  necessa- 
rily know,  by  the  simple  rule  of  three  the  cargo  such  vessel  will  be 
able  to  swim  with;  m,  as  one. cubic  foot  of  water  is  to  its  weight, 
«o  is  the  cubic  feet  in  the  part  of  vessel  immersed  to  its  weight. 
.Also,  upon  the  same  principles,  is  the  construction  of  the  A^ 
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tkx^nHer^  or  Inachnto  for  tiseHrtataiiig  the  specific  gravity  of  fluids, 
itwntioned  in  this  woik  at  page  304.  Heoce,  "we  End  the  different 
strength  of  ^piiituoiis  liqvwrs  by  its  means,  as  th^  stronger  the  spirit 
is,  the  deeper  wiU  the  instmment  sink  m  when  immersed;  and 
the  contrary. 

Prep,  105.  Cor.  1.  Xee-^Miy. — ^Lee  is  a  term  used  in  naTiga- 
tton,  and  implies  the  qwurter  of  the  omnpass  towards  which  the 
Wind  blows;  thus,  if  die  'wind  is  in  the  west,  or  blowing  from  that 
quarter,  we  say  that  the  east  is  leeward ;  aad  ^ms  the  lee-way  is 
die  deviation  from  tiie  point  of  the  compass^n  which  we  are  steer- 
ing towards  lliat  quarter  to  which  the  wind  blows,,  or  a  driftii^ 
from  the  line  of  direction  in  which  we  wish  Co  sail,  caused  by  the 
wind  blowing  in  im  Oblique  direodon^  on  the  sails,  hull,  &c.  of  the 


Prep.  105.  Cor.  4. — For  instance,  if  a  ship  is  sailing  with 
the  force  of  the  wind  acting  en  her  sails,  and  at  the  same  time  is 
dfriving  with  liie  force  of  a  onrrent  in  her  stecn,  in  the  same  direc- 
tion, we  must,  in  K>i^r  to'fitid  the  force  wi&  which  the  wa;ter  acts 
on  her^em,  subtract  the  velocity  produced  by  the  force  of  the 
wind  from  the  velocity  produced  by  the  effect  of  the  pressure  of 
mater  on  the  stem  of  the  vessel ;  thus,  calling  the  velocity  pro- 
duced bf  ithe  wind  ^r,  and  4hat  (by  >the  ounrent  ^,  the  whole  abso- 
lute velocity  of  the  idiip  would  be  dH^>  ^^  ^f  V  we  supposed 
jrr=:  3  miles  per  hour,  and  ^ = 4  miles  per  hour,  the  velocity  ovgfat 
to  be  2+4  ^  6  miles ;  but  as  the  wdide  force  of  the  current  cannot 
be  ezBi!ked  to  impel  the  vessel  forward  as  it  is  an  motion,  the  rela- 
tive velocity  of  these 'two  forces  must  be  taken  instead  of  theabao- 
lule  velocity  ;  that  is,  we  must  subtract  the  velocity  jf  produced  by 
the  wind  from  the  velocity  y  produced  by  the  strean^  that  is,  y-^s 
sflie  relative  velocity  of  the  stream,  and  from. hence  deduce  the 
force  of  the  water  on  the  stem  of  the  vessel  by  this  Proposition 
and  its  Corollaries. 

Prop.  111. — It  is  here  necessanr  to  say  something  respecting 
what  is  m«idoiied-itt  reference  to  Fig.  IX. PL  XIV.  as  the^ original 
diagram  given  in  therplate  in  the  quarto  edition  is  not  sufficiently 
^Uma.  We  have,  in  our  diagram,  endeavoured  to  make  the  figure 
more  so,  by  representing  the  oyeloidal  tooth  £B,  as  well  as-  the 
crocked  tooth  Ab,  and  the  bent  tooth  AG,  somewhat  plainer,;  but 
still  vre  do  not  feel  satbfiedthat  it  is  sufliciently  intelligible  to  the 
workman,  and  shall  therefore,  from  the  same  principles,  endeavour 
to  shew  what  is  here  meant,  and  iUustrate  it  by  a  diagram  some- 
what different  in  form,  but  more  clear  in  the  eoj^truction,  /Let 
A  And  B(J%.  4.  PLB)  be  two  wheels,- of  any  diameters^  equal  or 
imequal,  and  let  the  line  OD  represent  the  (face  of  a- tooth- formed 
into  an  epicycloidal  figure  by  the  revolution  of  the  wheel  A  about 
tint  of  !^  and  let  £F  be  at  crooked  tooth  of  any  form,  so  that  it 
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Kball  not  touch  the  point  D  of  the  tooA  DC ;  dien  iftlM  i 
made  to  revolve  on  its  axis,  the  tooth  EF  will,  hy  f  ' 
cause  the  wheel  B  to  revolve  with  an  equable  m 
akis^  and  by  that  motion  the  teeth  will  assume  die 
shewn  at  Gil  and  KI,  when  the  tooth  GH  will  leave  die  i 
of  the  tooth  KI.  Then,  if  we  8u(>po8e  other  teedi  iu  the  i 
ference  of  the  wheels  A  and  B  so  plaoed,  that  as  soon  as  one 
crooked  tooth  is  leaving  the  epicycloidal  tooth,  another  crooked 
tooth  shall  have  just  touched  another  epicycloidal  one^  asriiewn  m 
the  figure,  an  equable  motion  will  he  produced,  and  the  wlmelt 
will  revolve  without  being  either  accelerated  or  retarded  dmini^ 
their  revolution  about  their  axis. 

Prop,  111.  Page  145.— In  reference  to  Fig.  2.  PL  XV,  if  die 
notches  in  the  machine  DG  are  all  right  lines,  the  motion  wiU  be 
lAoilbrm ;  but  if  parabolic  curves,  the  motion  will  be  accelerated. 

Prop,  112. — In  changing  the  direction  of  any  motion  by  means 
of  puliies,  as  here  shewn,  the  line  of  direction  most  be  nearly  or 
quite  in  the  same  plane ;  thus,  the  pnllies  B,  C,  D,  &c.,  must  be  in 
same  plane,  thougn  the  direction  of  the  power  may  be  varied  in  any 
given  direction  in  that  plane;  for  if  the  puliies  are  not  situated  in  the 
same  plane,  or  nearly  so,  the  rope  or  cord  going  round  them  will 
slip  from  the  groove  or  channel  of  the  pulley,  or  if  not^vrfll  bear  vrith 
une<|ual  pressure  on  the  axis  of  the  puliies,  and  cause  a  great  deal 
of  friction  and  a  considerable  loss  of  power ;  for  suppose,  in  Fig,  5. 
PL  XV.  the  puliies  B,  C,  and  D,  to  be  not  in  the  same  plane  as  the 
direction  of  the  power  A  B,  it  is  evident  that  there  will  be  not  only 
a  strain  upon  the  axis  of  the  puliies,  but  that  the  cord  or  rope  going 
round  them  will  constantly  rub  on  the  sides  of  the  grooves  dT  die 
pulley  and  endeavour  to  slip  out.  This  in  practice  is  endeavoured  to 
M  remedied  by  suspending  the  puliies  by  ropes  or  hooks,  so  that 
their  several  axes  shall  accommodate  themselves  to  any  deviation 
firom  the  plane  in  which  the  direction  of  the  power  or  weight 
moves. 

As  the  changing  the  direction  of  the  motion  of  bodies  by  means 
of  the  pulley  is  of  mat  use  in  mechanics,  let  us  examine  this  Pro- 
position a  little  further,  and  we  shall  be  enabled  to  ascertain  some 
Sneral  rules  in  the  fixing  or  placing  of  puliies  that  will  prevent  or 
isen,  in  a  great  measure,  the  friction  that  is  often  found  to  ob- 
tain when  they  are  employed ;  and  first,  let  it  be  required  to  change 
a  vertical  to  a  horizontal  motion,  or  a  motion  inclined  fix>m  the 
perpendicular.  Here,  it  is  evident,  two  puliies,  at  least,  must  be  em- 
ployed, if  the  horizontal  motion  to  be  produced  is  not  in  the  same 
plane  as  that  of  the  vertical  motion :  thus,  let  AB  (i%.  5.  PL  B.) 
pe  a  rope  round  the  pulley  B,  producing  a  vertical  motion  in  B,  and 
it  is  required  by  a  continuation  of  the  rope  from  B  to  C,  to  produce 
a  horizontal  motion  in  the  pulley  C,  it  is  here  evident  that  the  rope 
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ABC  lies  in  the  same  plane;  now,  in  order  that  the  pulley  at  B 
should  move  freely  without  the  rope  being  liable  to  slip  out  of  the 
groove,  or  its  edge,  or  be  strained  by  the  rope  bearing  unequally 
against  the  sides  of  the  ^ove,  it  is  necessaiy  that  the  axis  of  the 
pulley  should  be  fixed  in  a  perpendicular  direction  to  the  plane 
ABC.  In  like  manner  when  the  direction  is  changed  from  a  verti- 
cal to  an  borixontal  direction  by  means  of  another  pulley  C,  it  is 
necessary  that  the  pulley  C  should  be  so  fixed  that  its  axis  should 
be  pKerpendicular  to  the  plane  BCD ;  in  the  same  manner,  if  the 
motion  is  to  be  oblique,  as  shewn  at  BEF,  the  pulley  £  must  have 
its  axis  perpendicular  to  the  plane  BEF,  and  so  on  for  any  number 
of  pulleys  or  any  diange  of  airection ;  and  thus  we  see,  that  to  ena- 
ble us  to  change  the  direction  of  a  power  by  means  of  the  pulley,  it 
must  be  an  invariable  rule  to  fix  ue  axis  of  the  pulley  in  a  plane 
in  a  perpendicular  direction  to  that  in  which  the  rope  that  goes 
over  it  moves. 

Prop.  112. — ^In  changing  the  direction  of  motion  by  means  of 
wheels,  as  shewn  in  Fig.  1 .  PL  XVI.  we  have  but  a  hint  of  the  me- 
.  thod  now  so  much  in  use  in  all  millwork,  which  is  technically 
termed  heveUgeer^  the  principles  of  which  we  will  endeavour  to  lay 
down,  as  well  as  the  methods  in  common  use,  to  adapt  the  bevel 
<^  the  teeth  of  such  wheels  to  each  other  as  they  will  move  with  the 
least  friction,  and  press  equally  on  all  parts  of  the  teeth  during 
their  revolution. 

Let  AB  {Fig,  6.  PI  B.)  be  the  direction  of  the  axis  or  shaft  of  a 
wheel,  and  it  is  required  to  change  the  direction  of  the  motion 
fmthout  regard  to  the  velocity  whkh  we  wiU  here  $tqjpo8e,for  exam- 
pUy  the  tame  J  by  a  shaft  situated  in  AC ;  let  us  suppose  a  cone 
AFD,  placed  on  the  shaft  AB,  and  another  of  equal  dimensions  on 
the  sluin  AC,  (the  shaft  passing  through  their  centres,)  such  that  FD 
:i:D£^  it  is  evident  that  if  grooves  were  made  in  both  cones  from 
their  bases  to  their  vertices,  diminishing  from  their  bases  and  slips, 
placed  in  those  grooves,  that  by  placing  there  these  sUps,  which  act 
as' teeth  between  each  other,  if  we  make  the  cone  FAD  revolve  on 
its  axis,  it  will  also  make  DAE  revolve  on  its  axis ;  thus  producing 
a  motion  in  the  shaft  AC  at  an  angle  BAC,  equal  to  the  direction 
in  which  we  wish  it  to  move;  and  if  we  suppose  the  parts  of  the 
cone  AGB  and  ABI  cut  away,  there  will  remain  the  bevel-wheels 
.  GFBD  and  BDEI,  which  is  Uie  principle  of  the  bevel-geer.  Now 
if  we  wish  the  velocity  of  the  shaft  AB  to  be  greater  or  less  than 
.  AC,  we  must  augment  the  diameter  of  the  wheel  FD,  or  reduce 
.  it  in  the  same  ratio  as  FD  is  to  DE,  or  the  line  AD  must  divide 
the  angle  BAC  in  the  same  ratio  as  we  wish  the  velocity  of  the 
wdieels  FD  and  DE  to  moye.  Hence,  we  see  that  the  bevel  of  the 
wheels  C  and  D,  {Fig,  1.  PL  XVI.)  must  be  such,  if  we  suppose 
their  shafb  produced,  till  they  meet;  a  line  drawn  from  that  point 
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to  the  meeting  of  the  circumference  of  tiie  wheels  will  detennine 
the  angle  or  bevel  of  their  edges,  so  us  they  will  work  firedji^  and 
equally  together. 

Prop.  113.— The  methods  of  regolatiDff  the  motion  of  machiiias 
by  means  of  pendulums  are  mofe  espeoially  adapted  to  clock  workf, 
and  accordingly  have  been  studied  with  great  care  to  prodnoe  a 
uniform  and  steady  motion  in  the  hands  of  the  dock,  and  ave 
known  by  the  technical  terms  of  Kapemeni$y  or  etcapemaUji.  Fig,  t . 
PI,  XVI.  is  the  common  vertical  scapement,  and  whidi,  though  re- 
gulating the  movement,  causes  the  hand  wluch  is  fixed  on  the  axis 
FG,  to  point  out  seconds  of  time  in  common  clocks ;  where  the 
pendulum  swings  seconds,  at  the  same  time  it  causes  a  kind  of  oi- 
cilating  movement  in  the  hand,  so  that  it  appears  to  move  not  by 
direct  impulses  in  one  direction,  but  after  proceeding  forwards  is 
made  to  so  back  a  part  of  the  space  in  which  it  has  advanped^-**- 
Fig.  3.  PL  XVI.  is  the  common  horizontal  escapement,  and  is  liable 
to  the  same  objections.  Odier  escapements  maX  cause  the  hand  to 
proceed  by  regular  impulses  one  way  only,  are  called  dead  beat 
scapements,  and  are  numerous,  as  the  ingenuity  of  the  artist  or 
convenience  of  the  construction  dictates. 

Prop,  119. — I  would  call  the  attention  of  the  mechanic  more 
particulaiiy  to  this  Proposition,  as  it  contains  such  rules  and  ob- 
servations in  the  application  of  theoneticai  mechanics  to  the  con- 
struction of  machines  and  engines  that  will,  if  properly  attended 
to,  enable  us  to  apply  with  me  greatest  possible  aidvantage  any 
X>ower  we  are  in  possession  of,  to  produce  the  maximum  of  e&ot, 
"and  in  such  a  manner,  that  we  shall  not  incumber  onrjengmeswith 
a  muhiplicily  of  parts  altogether  unnecessary  to  the  purpose  we 
have  in  view ;  thus  enabling  us  to  avoid  a  waste  <of  material  or  an 
unneccessaiy  expence  in  the  manufacture.  The  eighteen  suies  here 
given  embrace  all  the  precautions  Ihat  are  absolutely  necessary,  to 
'ensure  perfection,  as  well  as  many  priadj^es  deduced  from  aohial 
experiment,  whidi  will  guide  us  in  the  application  of  madiinezy  to 
the  various  purposes  of  life. 

We  will,  therefore,  for  the  sake  of  lustration,  suppose  a  case, 
In  which  it  is  required  to  raise  a  weight  €f  one  ton  by  the  stiengdi 
<>f  an  individual,  who  is  capable  c^  exerting  for  a  continuance 
ti  force  of  30  pounds.  Here  we  have  (he  proportions  of  the  power 
to  the  weight:  now  we  have  seen,  that  if  a  lever  is  supported  at 
a  point,  which  divides  the  whole  length  of  ibe  lever  into  two 
parts,  in  the  same  proportion  as  the  power  is  to  the  weight,  it  will 
oe  balanced  on  the  point  of  support  or  fulcrum,  the  longest  aim 
of  the  lever  being  that  to  which  the  power  is  applied,  and  the 
shortest  that  to  which  thewei^t  is  suspended:  bow,  if  in  4Mir 
example  we  apply  a  lever-so  divided,  in  the  proportion  of  30  lb. 
tol  ton,  or2!M0  lb.  we  shsdl  lie  able  to  support  (havifig  afulocum 
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at  that  point)  the  weight  required ;  dti4  to  raise  this  weight,  we 
need  only  lengthen  Uie  longest  arm  of  the  lever,  and  we  shall 
overcome  the  resistance  of  th^  Weight;  or  the  strength  of  one 
man  with  a  lever  so  constructed  will  he  sufficient  to  overcome 
the  Weight :  hut  as  the  lever  is  calculated  to  raise  bodies  but 
a  small  distance,  if  we  were  required  to  elevate  the  body  much 
above  its  original  situation,  we  must  have  recourse  to  other  me- 
chanical powers,  such  as  the  pulley.  We  will  now  examine  how 
thkt  will  answer  our  purpose.  In  the  body  of  the  work  we  have 
seen  that  a  fixed  pulley  only  changes  the  direction  of  the  power, 
and  does  not  increase  it,  and  every  moveable  one  doubles  the 
power,  and  in  a  combination  of  pullies,  as  generally  used,  the 
power  is  increased  according  to  the  number  of  moveable  pullies ; 
or  as  many  times  as  the  rope  goes  round  the  lowei^  pullies,  so 
many  times  the  power  is  increased  by  2;  that  is,  if  the  lower 
shieve,  or  block,  contains  3  pullies,  for  instance,  the  powet  is 
equal  to  6 ;  now,  in  order  to  find,  in  our  example,  how  many 
ipullies  there  should  be  in  the  lower  block  to  raise  one  ton, 
or  21^40  pounds,  with  a  power  of  30  pounds,  as  the  double  of 
30  is  60,  .which  will  be  the  weight  We  can  balance  vnth  a  move- 
able pulley ;  if  we  add  another  pulley  also  moveable,  we  shall 
have  a  power  of  150,  and  so  on  as  shewn  in  Fig.  3.  PL  XXL 
We  find,  that  with  7  moveable  pullies  we  shall  be  able,  with  the 
strieingth  of  one  man,  to  raise  3840  pounds ;  whereas  6  pullies 
will  raise  but  1920  pounds,  insufficient  for  our  present  purpose; 
hence,  we  find  that  with  the  pulley  we  cannot  etfect  our  purpose 
in  this  case  conveniently ;  and  the  common  way,  as  at  Fig.  7. 
PL  IV,  has  still  less  power;  therefore,  let. us  try  what  we  can  do 
with  a  combination  of  wheels  acting  as  perpetusd  levers ;  in  order 
to  effect  which,  let  ABC  {Fig.  1.  P/.  Q  be  a  lever,  and  let  it  be 
divided  in  B,  so  that  AB  ;  BC  as  the  weight :  the  power;  hence  we 
find  that  the  proposition  of  AB  to  BC  is  as  74|  to  1 :  that  is,  if  we 
have  only  two  wneels  in  this  proportion  of  their  diameters,  a  pro- 
jportion  too  great  for  actual  practice  (being  nearly  that  of  mur 
inches  to  23  i  feet,)  if  the  power  acts  at  the  circumference  of  one 
wheel,  and  tne  weight  at  tnat  of  the  other;  or  if  we  suppose  the 
weight  to  be  raised  by  means  of  the  wheel  and  axle,  and  if  the  axle 
is  4  inches  diameter,  the  wheel,  in  order  to  move  the  weight  or 

froduce  an  equilibrium,  must  be  about  231  feet ;  we  will  therefoi^ 
ivide  the  weight,  say  into  10  parts,  that  is,  we  will  suppose  that 
Ve  have,  with  a  power  of  30,  to  lift  2  hundred  weight,  or  224 
.pounds,  instead  of  one  ton,  and  then  by  the  application  of  another 
.wheel,  (on  whose  axis  is  ahandle^)  applied  to  mis,  we  shall  be  able 
to  increase  the  power  tenfold,  which  will  enable  us  to  overcome 
the  weight  proposed,  viz.  one  ton.  Let  us  see  how  this  will  now 
apply.    Let  AB  ( Tig.  2.  PL  C)  be  a  wheel,  on  whose  axis  B  a 
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cord  is  wound,  which  is  connected  with  the  weight  W^  whidi  we 
have  supposed  224  pounds  j  then  if  the  radius  of  the  axle  Bis  to 
the  radius  of  the  wheel  A  as  30  is  to  224,  or  if  the  radius  of  A  is 
something  more  than  7^  times  B,  a  power  of  30  pounds  applied  at 
the  circumference  A  will  balance  the  weight  W.  iNow,  if  the  weight 
W  is  increased  ten  times,  we  must  apply  a  force  at  A  ten  times 
greater  than  30,  that  is  300  pounds,  to  balance  it.  We  will  there- 
fore apply  that  force  to  A  by  means  of  another  .wheel,  which 
is  turned  by  a  winch  or  handle  with  the  force  of  30  poimds ;  we 
have  therefore  to  find  the  diameter  of  the  second  wneel,  such  as 
that  with  a  lever,  D£,  of  two  feet,  (supposing  that  the  length  of  the 
handle,)  we  shall  be  able  to  exert  a  force  of  300  pounds  at  the 
circumference  of  the  wheel  C ;  we,  therefore,  say,  as  300  pounds, 
the  force  to  be  overcome  by  D£,  is  to  30,  the  force  applied  at  £, 
so  is  the  length  DE  to  the  radius  of  the  wheel  C,  which  wUl  be 
found  about  1^  inches  to  balance  the  resistance ;  and  if  the  length 
of  the  handle  DE,  or  the  radius  of  the  wheel  A,  is  increased  by  a 
small  quantity,  we  shall  be  able,  with  a  force  of  30  pounds  applied 
at  E,  to  raise  a  weight,  as  W,  of  a  ton,  or  2240  pounds ;  and  tnis  is 
the  most  simple  form  of  the  crane  in  common  use ;  and  note,  that 
the  size  of  the  wheel  A  and  axle  B  may  be  increased  or  diminished 
as  convenient,  but  so  that  their  proportions  shall  always  be  to  each 
other  as  here  stated ;  and  by  attendmg  to  the  rules  laid  down  in  the 
Proposition  respecting  friction,  we  shall  always  be  able  to  invent 
a  machine  to  overcome  any  resistance,  and  avoid  giving  more 
power,  and  consequently  a  waste  of  labour  and  material,  than  will 
be  sufficient  for  the  purpose  to  which  we  wish  to  apply  our  en- 
gines. 

Example  17.  Page  172. — ^In  considering  this  example,  we  are 
naturally  led  to  inquire  the  length  of  an  oar  to  row  a  boat  with 
the  greatest  possible  advantage ;  for  our  author  has  clearly  shewn 
that  long  oars  have  the  disadvantage  of  losing  power,  though,  at 
the  same  time,^  they  may  be  made  so  short,  tnat  the  power  we 
exert  to  move  the  boat  will  be  so  disadvantageously  aj^lied,  that 
&e  slow  motion  of  the  end  of  the  oar  in  the  water  will  not 
propel  the  vessel  with  sufficient  velocity ;  we  therefore  have  to 
enquire  the  best  length  of  an  oar,  to  move  a  boat  with  the  greatest 
advantage,  in  order  to  which  we  must  be  furnished  with  the 
following  data.  1st.  The  absolute  resistance  the  boat  meets  wiUi 
in  going  through  the  water :  2nd.  The  force  applied  to  the  handle 
of  the  oar :  and,  8rd.  The  distance  of  the  handle  from  the  pin, 
or  rullock,  in  the  boat's  side,  or  fulcrum  against  which  the  power 
acts.  The  first  of  these  varies  according  to  the  figure  of  the 
boat,  and  must  be  ascertained  by  experiment;  and  we  here,  for 
the  sake  of  applying  the  Proposition,  suppose  the  water  at  rest; 
for  in  a  current  the  boat  moves  easier  with  the  stream  than 
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against  it.  >Vith  regard  to  the  second,  it  depends  on  the  strength 
of  the  individual :  and  as  we  have  seen,  page  159,  that  a  man, 
generally  speaking,  can  draw  horizontally  about  70  or  80  pounds, 
which  is  about  half  his  weight,  and  is  the  same  thing  as  pulling 
the  end  of  the  oar ;  and  as  a  man  can  exert  a  force  of  30  pounds 
at  the  handle  of  a  windlass  by  his  muscular  powers,  so  a  boat- 
man, having  his  feet  firmly  fixed  against  the  thavets  of  the  boat, 
vdll  be  enabled  to  add  something  by  muscular  power  to  the 
70  or  80  pounds  depending  on  his  absolute  weight;  we  can  there- 
fore suppose  it,  without  much  error,  as  a  force  nearly,  if  not 
quite,  100  pounds :  and,  in  the  third  place,  the  distance  of  the 
handle  of  the  oar  from  the  pins  in  the  side  of  the  boat,  (and  this 
depends  upon  the  width  of  the  ix)at  itself;)  for  if  the  man  sits  on 
the  opposite  side  of  the  boat  to  that  of  where  the  oar  goes  in  the 
water,  it  will  allow  him  a  leverage  of  the  width  of  the  boat 
itself  nearly. 

We  will  now  apply  this  to  the  investigation  of  the  following 
problem :  Criven  the  resistance  a  boat  meets  with  in  going  through 
the  water,  the  strength  of  a  man  to  pull  at  the  oar^  and  the  length  of 
that  part  of  the  oar  within  the  boat;  it  is  required  to  ascertain  the 
length  of  that  part  of  the  oar  over  the  boafs  side  that  shall  be  most 
advantageous.  We  will  examine  this  problem,  considering  the  end  of 
the  oar  in  the  water  as  resting  against  it  as  a  fulcrum ;  the  power 
as  placed  at  the  other  end  of  Sie  oar  or  lever ;  and  the  resistance  as 
the  part  of  the  oar  pressing  on  the  pins  on  the  side  of  the  boat. 
Let,  therefore,  AEB  (Fig,  2.  PI,  C)  be  the  side  of  the  boat,  CED 
the  oar,  ED  the  part  in  the  boat,  EC  the  part  over  its  side ;  now, 
calling  ED=a,  the  resistance  opposed  to  the  point  F=6,  and  the 
force  appUed  at  Dnc,  we  have  to  determine  the  proportion  of 
ED  to  EC,  so  that  the  velocity  of  the  point  £  may  be  a  maximum, 
or  the  greatest  possible.  Now,  without  entering  on  any  fluxional 
calculus,  but  merely  firom  mechanical  principles,  it  is  plain  that 
the  velocities  of  the  points  E  and  D  will  be  in  the  same  proportion 
as  CE  is  to  CD ;  therefore  it  would  seem  that  the  nearer  the  point 
E  is  to  D,  the  greater  the  velocity.  But  it  is  plain,  that  if  E  is  very 
near  D,  the  force  applied  at  that  point  will  be  unable  to  overcome 
the  resistance  at  the  point  E ;  therefore  the  point  E  must  be  so 
situated,  that  the  force  applied  at  D  shall  be  aole  U>  overcome  the 
resistance  at  E;  and  this  is  the  point  where,  if  we  place  £,  the 
boat  will  be  moved  with  the  greatest  velocity;  that  is,  if  CE  is  to 
ED  in  the  same  proportion  as  the  force  at  D  is  to  the  resistance 
at  E,  the  boat  will  be  moved  vnth  the  greatest  velocity,  or  the 
power  will  be  used  to  tlie  greatest  advantage  to  propel  the  vessel : 
thus  we  find  that  we  are  enabled,  in  the  common  wherries  used  on 
the  Thames,  to  apply  longer  oars  than  in  ship  boats,  as  the  ibrmer 
offer  less  resistance,  from  their  sharp  construction,  than  the  latter, 
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wbose  bows  are  more  round.  Thus,  knowing  the  resistance  the 
water  gives  to  the  motion  of  the  hcaX,  with  the  force  applied  at 
the  end  of  the  oar,  we  can  determine  the  length  of  the  oar  itself 
to  moduce  the  greatest  possible  effect  in  moving  the  boat. 

Kxam^  29.  Pn^  179. — The  Utter  part  of  this  example  needs 
some  little  illustration,  where  it  is  otserved  that  when  GD  is 

rter  dian  the  radius  OH-f-R,  the  chariot  will  move  forward. 
That  isy  if  the  force  of  the  wind  on  the  sails  is  suffident  to 
overcome  the  friction  of  the  carriage  in  moving,  together  with  the 
foree  of  the  wind  acting  against  the  body  of  the  chariot,  it  will 
move  against  the  wind :  hence,  we  see,  that  unless  that  is  the 
case  tiie  sails  will  have  no  effect,  but  the  wind  will  exert  itself  on 
the  cfaaiiot  alone  to  produce  a  motion  in  it ;  or  if  these  two  forces, 
vis.  that  of  the  wind  a^nst  the  sail,  and  that  against  the  chariot, 
are  eqiud,  no  effect  at  all  will  be  produced.  This  explanation 
may  be  necessary,  as  it  seems,  on  the  first  view  of  it,  to  imply 
that  the  sails  produce  a  progressive  and  a  retrograde  motion,  ac- 
cording to  the  power  the  wind  has  over  them,  when  compared  with 
the  resistance  offered  by  the  mast  and  vessel  itself;  and  here  it  is 
evident  that  this  construction  of  a  sailing  chahot  will  produce 
a  progressive  motion,  let  the  wind  blow  from  any  point  of  the 
compass ;  for  if  the  power  of  the  sails  is  sufficient  to  produce 
motion,  when  the  wind  is  direcdy  contrarVy  much  more  will  it 
produce  motion  when  the  wind  is  more  iavourable,  as,  in  that 
case,  the  resistance  of  the  wind  against  the  chariot  is  taken  away^ 
and,  if  directly  in  &vour,  will  augment  the  speed  of  it. 

Etan^  32.  Page  180. — With  respect  to  the  syphon,  as  used 
for  drawing  off  liquors,  &c.  the  following  form  is  commonly 
adopted :  ACB  {Fig.  4.  PL  D)  is  a  tube,  or  pipe,  of  copper,  or 
metal,  having  the  leg  A  about  a  foot  or  eighteen  inches  longer 
than  B :  at  £  is  a  stop-cod^,  CD  a  small  tube  soldered  into  the 
leg  A,  and  opening  into  it  at  C,  and  having  the  end  D  open,  and 
turned  up,  to  apply  the  mouth  to  draw  out  the  air  after  having 
immersed  the  ena  B  in  the  liquor,  and  stopped  the  end  A  by 
turning  the  cock  £;  then,  by  opening  the  cock  £,  the  liquid  flows 
out  at  A ;  and  when  you  have  filled  your  vessel,  you  may  turn 
the  code,  and,  at  any  time,  draw  off  more  liquor,  without  again 
extractiDg  the  air  a  second  time.  We  may  here  observe,  that  the 
pipe  DC  is  much  smaller  than  AB ;  or  otherwise,  if  the  liquor 
did  not  flow  fester  from  A  than  it  passes  by  the  end  of  the  pipe 
at  Of  it  would  flow  out  at  the  end  D,.  i^  at  any  time,  it  should  oe 
lower  than  Uie  tur&oe  of  the  cask,  or  vessel,  which  you  are  emp- 
^ng ;  also,  we  must  observe,  that  the  point  C  (where  the  small 
tube  is  inserted  into  AB)  must  always  be  below  the  sur&ce  of  the 
liquor,  or  the  syphon  will  <*ea8e  to  flow. 

EvampU  34.  Pagfi  182.— The  rules  here  given  for  oar  judgment 
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of  the  weather  by  the  barometer,  are  not  absolutely  to  be  depended 
on  in  all  cases ;  but  we  should  rather  judge  from  the  motion  up  and 
down  of  the  quicksilver  in  the  tube,  than  frt)m  the  actual  height 
at  which  it  stands,  and  judge  from  the  sur&ce  of  the  quicksilver 
whether  it  is  concave  or  convex,  whether  it  is  rising  or  falling:  for 
if  it  is  rising,  it  will  appear  very  convex ;  if  filing,  concave,  as  it 
adheres  in  some  measure  to  the  glass ;  indeed,  though  the  barometer 
may  shew,  with  correctness,  the  weight  of  a  column  of  air  pressing 
on  the  sur&ce  of  the  quicksilver  in  the  basin,  it  will  not  always 
tell,  or,  more  properly,  foretell  the  state  of  the  atmosj^ere,  or 
whether  we  are  likely  to  have  foul  or  fair  weather ;  and  though 
many  observations  have  been  made,  there  still  seems  something 
wanting  to  enable  us  to  judge  with  any  degree  of  certainty  in  this 
respect;  for  in  different  latitudes,  and  under  different  circum-* 
stances,  we  find,  often,  such  contrary  indications,  that  in  the 
present  state  of  our  knowledge  respecting  the  prognostics  of  the 
weather,  by  this  means,  we  are  often  led  into  many  errors,  whigh 
time  alone,  and  experiment,  can  reconcile  to  the  phenomena  ob- 
served, lliose  who  would  wish  to  see  more  ou  the  subject,  and 
a  multiplicity  of  observations,  vvill  find  their  curiosity  amply 
gratified,  by  a  reference  to  the  article  Barometer^  in  the  Sup- 
plement to  the  Encyclopedia  Britannicay  or  -Rees'  Ena^clopedM, 
as  well  as  in  Barlow  s  and  Hutton's  Mathematical  Dictionary, 

Example  37.  Page  183. — ^The  application  of  the  principle  of 
Tantalus's  cup  to  practical  purposes  is  of  great  use,  in  many 
chemical  operations ;  as,  by  its  means,  we  are  enabled,  during  the 
process  of  distillation,  to  separate  the  oil  that  comes  over  from 
the  waters  we  are  distilling:  thus,  in  the  process  of  making 
lavender  water,  what  is  distilled  is  mixed  with  a  certain  quantity 
of  essential  oil  of  lavender,  which  is  separated  by  the  following 
means :  ABC  {Fig,  5.  P/.  D)  is  a  vessel  of  glass,  having  the 
spout,  or  syphon,  DE,  communicating  with  it  at  E ;  then  as  the 
liquid  drops  from  the  still,  it  fills  the  vessel  AB  till  it  rises  to  a  6^ 
above  the  bend  of  the  syphon,  and  it  will  run  out  at  D  till  it 
&lls  from  ah  \x>  cd  level  with  D ;  it  then  fills  again,  and  again 
empties  itself,  thus  always  leaving  a  portion  of  the  liquid  at  the 
bottom  of  the  vessel :  now,  as  the  oil  which  comes-  over  with  the 
distilled  water  will  always  float  on  its  surface,  and  as  E  is  situated 
at  the  bottom  of  the  vessel,  the  oil  will  accumulate  on  its  surface, 
while  the  v^ter  runs  out  at  D,  thus  saving  all  the  oil  by  itself  in 
the  vessel ;  and,  at  the  end  of  the  operation,  we  have  but  little  trou* 
ble  to  separate  the  remaining  distilled  water  from  it ;  Und  this  ma- 
chine is  applicable  to  a  variety  of  similar  operations  connected 
with  the  arts  and  manufactures,  but  which,  more  properly,  belong 
to  the  science  of  Chemistry  than  that  of  Mathematics ;  but,  as  the 
theory  of  the  isyphon  is  introduced  as  a  part  of  hydrostatics^  this 
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is,  in  some  measure,  connected  with  the  general  plan  of  the  work 
under  notice. 

Example  40.  Page  185. — By  the  inspection  of  the  figure  shewn 
in  Plate  27,  it  may  appear  that  the  horse,  in  trotting,  has  two  feet 
up  on  one  side,  while  the  opposite  ones  are  down :  now,  that  this 
may  not  lead  into  error,  we  may  here  remark,  that  though  the  foot 
at  F  is  represented  as  lifted  up,  we  must  suppose  that,  before  the 
foot  B  is  lifted,  it  is  placed  on  the  ground  at  F,  and  then  the  fore 
foot  B  taken  off  the  ground ;  and  this  the  attentive  reader  will 
see  is  what  is  meant  in  this  example. 

Example  42.  Page  187. — ^Ithas  often  struck  me,  in  observing 
the  motion  of  a  fish  in  water,  that  the  air  bladder  has  other  pur- 
poses than  that  of  simply  rendering  it  lighter  and  heavier  than  the 
surrounding  water,  so  as  to  enable  it  to  raise  and  sink  itself  at 
pleasure  ;  for,  firequently,  the  fish  is  in  a  perpendicular  direction, 
either  with  its  head  or  tail  elevated :  now,  it  is  worth  enquiry, 
whether  the  fish  has  it  not  in  its  power  to  alter  its  centre  of  gra- 
vity by  means  of  the  air  bladder,  so  that  its  head,  or  tail,  shall 
preponderate,  thus  enabling  it  to  steer  itself  in  any  oblique  or 
even  perpendicular  direction  in  the  fluid ;  for,  by  very  attentive 
observation  on  some  gold  fish  in  a  large  reservoir,  it  appeared  to 
me  that  the  action  -of  the  tail  and  fins  was  insufficient  for  the 
purpose,  and  that  they  seemed  only  to  use  the  fins  as  a  means  of 
steadying  their  position,  or  balancing  themselves ;  for,  if  the  air 
bladder  itself  is  capable  of  but  a  small  movement  either  towards 
the  head  or  tail,  it  must  necessarily  cause  one  end  to  preponderate, 
and  thus,  as  it  shifts  the  centre  of  gravity  of  the  boay  of  the  fish, 
it  must  produce  a  corresponding  ascent  or  descent  obliquely  of 
the  head  of  it ;  and  thus,  by  a  very  simple  piece  of  mechanism, 
give  the  fish  the  means  of  advancing  in  any  required  direction.  I 
am  not  aware  that  this  idea  has  occurred  to  naturalists,  but 
I  think,  as  all  nature  is  subject  to  mechanical  laws,  it  is  worth 
their  consideration,  it  being  foreign  to  our  purpose  to  enter  on 
the  anatomy  of  the  fish ;  though  I  think  I  could  shew  that  such 
a  property  existed  ftom  that  consideration. 

Exanytle  46.  Page  189. — The  counterpoise  D,  as  represented  in 
Fif,  4.  PI.  XXVIII.  is  wrongly  represented ;  for,  as  tnere  shewn, 
it  is  only  a  pulley :  now,  there  should  have  been  a  small  weight 
attached  to  D,  merely  sufficient  to  keep  the  cords  AD  and  BD 
stretched;  and,  also,  we  may  here  observe,  that  the  channel 
in  the  pullies  A  and  B  should  be  made  rough,  or  jagged,  to 
prevent  the  cords  from  sjipping  ;  or  they  should  be  made  coming 
to  a  sharp  angle  at  the  bottom ;  but  the  former  is  the  best,  and  is 
adojDted  in  the  common  wooden  or  Dutch  clocks. 

Example  ,48.  Pftge  189. — ^We  may  here  observe,  that  if  the 
screw  D£F  is  a  common  screw,  and  fitting  into  the  teeth  of  the 
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arch  c  e,  (which  mudt  be  cut  oblique  to  the  plane  of  the  arch,) 
one  revolution  of  the  nut  at  D  will  move  forward  one  tooth  of 
the  ar^h ;  and  it  is  on  this  principle  that  the  screw  is  applied  to 
our  astronomical  instruments,  to  enable  us  to  divide  and  sub- 
divide the  degrees  and  minutes  engraven  on  theu'  faces ;  for  if, 
for  instance,  one  tooth  of  a  wheel  represent  a  degree,  we  can,  if 
we  divide  tiie  nut  of  the  screw  at  D  into  60  equal  parts,  easily 
divide  each  degree  into  minutes,  or  sixtieth  parts  of  degrees ;  for, 
if  we  move  D  one  division  forwsu'd,  it  will  move  the  circle  a 
minute,  or  its  sixtieth  part;  and  thus,  by  means  of  this  con- 
trivance, we  can,  with  accuracjc,  divide  either  a  circle,  or  straight 
line,  into  very  minute  portions ;  and,  hence,  the  combination  of 
the  screw  and  wheel,  as  applied  to  delicate  divisions  of  lines  and 
circles,  has  obtained  the  name  of  the  micrometer  screw* 

Example  54.  ^age  191. — ^There  is  an  omission  in  the  plate  of 
the  stays,  S  S  S,  as  there  should  have  been  a  line  drawn  to  repre- 
sent them,  from  the  top  of  the  tall  posts,  to  which  the  pullies 
are  fixed,  to  the  short  ones  represented  as  S  S  on  the  ground ; 
but  the  reader  wilLeasily  see,  from  the  figure  itself  the  use  of 
these  stays,  and  where  they  should  be  placed. 

Example  61.  Page  194. — ^The  description,  of  the  jack,' for 
raising  great  weights,  here  given,  is,  as  far  as  it  goes,  correct,  and, 
perhaps,  at  the  time  of  our  author's  writing,  was  the,  only  one  in 
use ;  out,  as  there  have  been  many  later  improvements  in  this 
most  usefiil  engine,  I  shall  here  describe  them ;  and  would  first 
remark,  that  instead  of  the  case  KL  being  all  of  metal,  as  our 
author  describes,  it  is  of  one  solid  piece  of  strong  wood,  having 
the  wheels  and  rack  let  into  it,  and  fixed  in  their  places. by  iron 
straps,  or  plates;  also,  at  the  end  B  of  the  rack,  AB,  there  is 
a  strong  forked  piece  turned  up  at  right  angles  to  the  rack,  AB : 
so  that  when  we  wish  to  raise  any  thing  near  the  ground,  as  a 
block  of  stone,  and  the  end  B  is  very  near  die  bottom  of  KL ; 
then,  if  we  place  the  end  B,  of  the  rack  AB,  under  the  stone,  and 
turning  the  nandle  HI,  we  are  enabled  to  apply  the  end  B  in  the 
same  manner  that  we  applied  the  end  A  in  the  example.  Another 
improvement  is,  in  having  a  catch,  or  rack,  fixed  to  the  handle  of 
the  machine ;  so  that  after  we  have  elevated  the  body  to  the 
height  required,  we  are  enabled  to  prevent  the  wheels,  and,  con- 
sequently, the  rack,  AB,  from  turning  backwards,  if  we  leave  go 
the  handle  I;  and  thus  prevent  many  accidents  which  woi^d 
otherwise  arise. 

Another  method  of  employing  the  power  to  raise  AB,  instead 
of  the  pinion  £F,  ztkd  common  toothed  wheel  G,  is,  to  have  as 
the  axis  of  the  Imndle  a  perpetual  screw,  which  works  in  the 
wheel  G,  whose  teeth  are  cut  beveling,  to  correspond  with  the  screw, 
as  shewn  in  Fig,  1.  PL  V.;  this  adds  to  the  power  of  the  machine, 
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and,  at  the  same  time,  we  can  more  easily  retain  the  weight  in  any 
position.  The  third  method  is,  that  of  employing  a  screw  instead 
of  the  rack,  AB,  and  for  many  purposes,  is  much  more  con- 
venient, as  well  as  more  powerful,  snd  has  the  advantage  of 
maintaining  itself,  with  the  weight,  in  any  required  position  ;  the 
most  simple  form  of  which  is  represented  in  Fig.  1.  P^.  £,  where 
ABCD  is  a  solid  block  of  wooa,  AB  a  nut  in  which  the  scitew 
£FG  moves ;  at  F  is  a  piece  made  lnurger  than  the  screw,  and 
pierced  with  holes  to  admit  a  lever  to  turn  the  screw;  at  £  is 
a  nut  forked  at  the  end,  to  be  applied  to  the  body  we  wish  to 
elevate,  and  moveable  about  FG ;  hence,  as  we  turn  the  screw, 
the  nut  £  is  elevated,  and  with  it  the  weight ;  the  instrument,  in 
this  form,  is  much  used  among  builders  for  raising  or  supporting 
the  walls,  or  part  of  buildings,  when  sunk,  or  undergoing  alte^ 
rations  in  the  lower  part,  when  we  do  not  wish  to  cMsturb  the 
superstructure. 

I  shall  here,  lastly,  describe  another  form  of  this'  machine, 
which  appears  to  combine  all  the  requisites  of  strength  and  power : 
it  is  represented  in  Fig.  2.  PL  £,  where  A  represents  the  stodc ; 
BB  a  screw,  with  a  square  thread,  and  a  fork,  F,  at  its  end,  fixed 
to  it ;  D  is  a  nut,  on' which  is  a  wheel ;  C,  whose  edge  is  hoU 
lowed,  and  cut  into  teeth,  to  wwk  in  the  axis  of  the  handle;  B, 
which  is  cut,  with  a  screw  to  correspond,  and  which  goes  through 
two  strong  plates ;  a,  6,  screwed  to  the  stock  A  :  now,  as  we  turn 
the  handle  £,  it  turns  Uie  wheel  C,  and,  with  it,  the  nut  D,  which 
raises  the  screw  B ;  hence  the  end  F,  at  the  top,  or  the  hook  N,  at 
the  bottom  of  the  screw,  is  raised,  and,  of  course,  the  weight  is  sup* 
ported  in  any  position  required. 

Exanq>le  62.  Page  194. — In  this  example,  we  must  suppose  a 

{)latform  above  the  wheel  a  for  the  men,  or  horses,  to  work  at  the 
ever  I^<  in  order  to  move  the  machinery. 

Exttnq}le  65.  Page  195.  Anemoscope. — ^This  term  is  sometimes 
applied  to  an  instrument,  by  which  we  are  enabled  to  foretell  the 
(manges  of  the  weather,  or  from  which  quarter  the  wind  is  likely 
to  btow,  and  thence  judging  of  the  probability  of  rain  or  foir 
weather ;  and,  in  this  sense,  we  find  it  used  by  many  writers. 
GThe  instrument,  now  under  our  consideration,  is  more  properly 
a  wind'dialf  as  merely  shewing  the  quarter  from  which  the  wind 
actually  blows,  and  not  enabling  us  to  foretell,  or  consider^  the 
different  changes  of  the  wind. 

The  term  Anemotcope  is  frequently  confounded  with  that  of 
Anemometer,  which  is,  properly,  a  machine  to  indicate  the  force 
of  the  wind,  and  not  the  direction  in  which  it  blows ;  the  first 
being  derived  from  two  Greek  words  signifying  the  toindf  and 
i  see,  or  I  connder;  and  the  latter  also  fit>m  two  Gteek  words 
signifying  the  Vfind,  and  I  meamre :  and  Martin,  in  his  PhUdtophia 
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JBrttomio,  describes  the  latter,  viz.  the  Anemometer^  under  the  title 
Anemoscope;  though  evidently  enoueously,  as  thev  are  two 
distinct  instruments :  I  shall  therefore  describe  the  Anemometer. 
AB  (Fig.  3.  PL  £)  is  a  post  sufficiently  elevated,  that  the  wind 
may  act  on  the  machine ;  CD  is  a  frame,  fixed  on  the  top  of  AB, 
moving  thereon  on  the  pivot  A ;  the  axis  G,  on  which  the  saUs 
1 1  are  fixed,  is  formed  conical,  as  shewn  at  £F,  and  formed  into 
a  spiral  groove .  to  admit  the  cord  £ W,  which  is  fixed  at  £,  the 
end  of  the  axis ;  and  as  &e  wind  makes  the  sails  1 1  revolve^ 
the  cord,  is  wound  round  the  cone  £F,  and  the  weight  raised,  or 
deceased,  according  to  the  force  of  the  wind  upon  the  sails;  at 
H  is  a  vane,  or  flat  piece  of  board,  or  metal,  for  the  purpose  of 
keeping  the  sails^  1 1,,  always  facing  the  wind ;  at  the  end  of  the 
cone  at  K  is  a  racket  wheel,  in  which  a  spring,  K,  catches,  as  the 
cone. revolves;  holding  the  weight  at  any  height,  the  force  of  the 
wind  may  have  raised  it  to:  which  enables  us  to  ascertain, 
in  our  absei^e,  the  greatest  force  at  which  the  wind  has  blown ; 
this  spring  mavy  at  apy  time,  be  detadied,  in  order  to  see  the 
present  state  of  the  wind.  It  is  plain,  from  the  <{onsideration  of 
the  figure,  that  Bfl  the  axisi  is  greater  at  F  than  at  £,  the  wind 
muBt  exert  a  greater  force  to  maintain  an  equilibrium  with  the 
weight  W,  as  it  approaches  the  large  end  of  the  cone :  now,  if 
we  put  such  a  weight  on  the  cord  as  will  just  balance  the  weakest 
wiqd,  as  the  wind  increases  in  force,  the  weight  will  be  raised, 
and  die  cord  yround  round  from  £  to  F ;  and,  if  the  diameter  of 
the  cone  at  F  is  such,  as  the  force  of  the  greatest  wind  will  just 
sustain  the  weight  at  that  end,  then,  in  any  intermediate  wind, 
the  cord  will  always  be  found  somewhere  betwe«)  £  and  F,  and, 
consequeqtly,  indicate  the  comparative  force  of  the  wind ;  but^ 
if  a  scaX^  is  drawn  on  the  cone,  the  point  where  the  cord  meets, 
it  will  tell  the  comparative  force  oi  the  M^ind ;  for  eacample,  let 
the  two  ends  of  the  cone  be  as  1  to  28,  and  if  the  weight  W 
is  one  pound,  at  the  small  end  of  the  cone,  and  just  balances  the 
weakest  wind  exerted  on  the  sails,  if  we  suppose  the  wind  to 
increase,  and  the  cord  to  be  wound  ro^nd  to  the  greater  extremity 
of  the  cone,  it  must  es^ert  a  force  of  28  times  the  former ;  or  the 
fi;>rce  required,  to  sustain  the  weight  at  the  large  end,  will  be  28 
pounds :  thus,  if  the  axis,  or  side  of  the  cpne,  is  divided  into 
28  equal  parts,  e^ch  division  will  cprrespon4  to  a  pound  of  force 
exerted  on  the  sails.  Again,  if  the  instrument  is  fixed  on  the 
outside  of  a  building,  and  the  weight  descends  into  an  apartment 
lieneath^  you  may»  py  having  a  scale  fixed  against  the  wall,  cor- 
responding to  the  cUvisions  on  the  cone  £F«  on  inspection,  see  the 
fi>rce  of  the  wind :  in  the  same  pianneri  the  anemoscope  tells  its 
direction ;  or  the  two  instruments  n^  bet  veiy.  conveniently  com- 
bned  m  <^Qe,  a?  will^f^ppear  plaiq  to  9^  9i^hqLni$,  who  has  .paid 
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attention  to  what  has  been  said  respecting  the  two  instniments. 

Exonmle  72.  Page  198. — In  this  example,  where  mention  is 
made  of  the  lower  stone  being  feathered  or  channelled,  as  there 
is  no  direction  in  what  manner  or  form  these  channels  are  to  be 
cut,  and  that  nothing  may  be  omitted  that  the  workman  ought  to  be 
acquainted  with,  I  have  sul]joined  the  following  %nre,  to  shew 
the  most  general  method  in  use ;  and  here  take  occasion  to  ob- 
senre,  that,  in  actual  practice,  it  is  necessary  to  have  these  grooves 
from  time  to  time  re-cut,  that  the  mill  may  work  to  the  greatest 
possible  advantage.  AB  {Fig.  4.  Plate  £)  represents  one  of  the 
stones  of  a  mill ;  the  circumference  is  divided  into  eight  parts,  and 
lines  drawn  to  the  centre ;  then  begin  by  drawing  lines  at  mode- 
rate distances,  parallel  to  every  line  drawn  to  the  centre,  as  shewn 
in  the  figure ;  and  if  on  these  lines  we  make  an  angular  groove, 
as  shewn  at  C,  the  stone  will  be  prepared  for  being  fixed  in  Its 
place. 

Example  80.  Page  204. — ^The  thermometer  here  described  is 
the  common  spirit  thermometer,  which  is  now  nearly,  if  not 
wholly,  supercMed  by  the  mercurial  one,  which  only  6iSen  in  this, 
that  the  fluid  inclosed  in  the  tube  is  quicksilver,  instead  of  spirits 
of  wine.  I  shall  here,  however,  take  the  opportunity  of  shewing 
how  the  tubes  are  graduated,  so  that  each  tnermometer,  whatever 
its  length  may  be,  will  indicate  the  same  degree  of  heat  or  cold. 

Having  filled  the  bulb,  and  part  of  the  tube,  with  quidcsilver 
that  has  been  previously  heated,  to  expel  the  air  it  may  contain,  let 
the  end  be  hermetically  sealed,  that  is,  closed  by  melting  it  vnth 
a  blow-pipe,  and  pinching  it  together  while  in  a  soft  state ;  then,  if 
we  immerse  the  bulb  in  water  just  freezing,  or  snow  just  melting, 
and  mark  the  point  on  the  tube  at  which  ihe  mercury  stands,  we 
shall  have  the  fireezing  point.  Agaiii,  let  the  bulb  be  now  im- 
mersed in  boiling  water,  and. mark  that  point  also  for  the  boiHng 
point ;  then,  if  we  take  that  distance,  that  is,  the  distance  between 
these  points,  and  form  a  scale,  divided  into  180  equal  parts,  which 
we  may  extend  upwards  and  downwards  with  any  number  of  the 
same  parts,  and  fix  it  to  the  thermometer  tube,  so  that  32  shall 
stand  at  the  freezing  point,  or  212  at  the  boiling  point,  we  shall 
have  our  scale  graduated  in  the  usual  manner  in  use  in  this  coun- 
tcy.  There  are,  however,  several  scales  used  in  various  countries ; 
but  that  denominated  the  centigrade,  or  Swedish  thermometer, 
seems,  in  my  opinion,  the  most  simple,  as  the  fireezing  point  is 
made  zero,  or  0,  and  the  distance  between  that  and  the  boiling 
heat  is  1 00  equsd  parts,  and  the  scale  continued  upwards  and 
downwards ;  this  aivision  is  that  in  general  use  in  France,  and 
many  parts  of  the  Continent.  The  following  expressions  will  ena- 
ble us  to  convert  the  centigrade  division  in  the  common,  or  Fahren- 
heit's division,  and  the  contrary :  where  F  stands  for  Fahrenheit, 
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and  C  for  centigrade ;  and  firsts  to  convert  Fahrenheit  to  c^ntigTade^ 
we  have*— -iL.3:C;and, secondly,  the convefber2ir+38aiF. 

Whilst  we  are  on  the  subject  of  thermometers^  it  may  not  be 
amiss  to  notice  what  is  called  the  sel^registering  thermometer  ;-r 
that  is,  one  which  indicates,  in  the  absence  of  the  observer^  the 
greatest  and  le%$t  degrees  of  heat  which  have  occurred'  in  his  ab- 
sence. There  are  several  contrivances  for  this  purpose^  but  X 
shall  only  notice  that  most  common  at  this  time ;  it  consists  simr 
ply  of  two  tiiermometeti,  the  one  a  mercurial  one»  and  the  other 
iiUed  with  coloured  alcohol,  or  highly  rectified  spint^of  wine;  ^ 
C  and  D,  {Fig.  5.  PL  £)  having  their  stems  horizontal,  and  fixed 
in  the  same  frame  AB,  the  former  has  a  small  piepe  of  magnetiq 
steel  wire  enclosed  in  the  tube,  and  the  latter  «^  fine  piece  oc 
thread  oi  glasf,  whose  ends  are  made  into  minnte  balls  by  the 
flame  of  a  lamp ;  now  Uie  magnetic  wire  being,  brought  to  the 
surface  of  the  mercui-y  by  the  appUcatioa  of  a  key  or  any  piece 
of  iron,  aa  die  mercury  expands  with  heat  it,  is  pushed  forward ; 
but  l(eft  behind  when  the  mercury  falls  by  cold ;  thoff  shewing  the 
extreme  of  he^t :  the  latter  is  immersed  in  the  spirit,  and  as  the 
spirit  sinks  or  retii«i,  it  carries  the  glass  thread  with  it;  but  when 
it  advances,  it  leaves  it  behind ;  thus  shewing  the  greatest  cold  in 
the  ab^nce  of  the  observer;  and  this  indei^  in  set  by  inclininjg^  th^ 
instrument  till  one  end  corresponds  to  the  surfi^  of  thastgipj^ip 
the  tube;  the  steel  index  is  brought  to  the  suriace^ of  the,i^erjf;ury 
by  applying  a  magneti  if  the  magnetic  power  of  it  is  in^umci/^nj^to 
act  on  a  piec^  of  iron  or  steel  applied  to  the  tube. 

Exi^nqfU  84.  Fage  207.— The  fire  engine  here  ^eiictil^  i{(  wh^ 
is  properly  termed  th^  atmospheric  steam  engine,  in  ij^s  ojdgii^ 
form,,  at  least  in  that  form  to  which  it  was  appUiad  \f>  useful  an4 
l^eral  purposes ;  there  is,  however,  since  this  invent ipn,  another 
maohin^,  which  depend^  solely  on  the  elasticity  9^  fprc^  of  the 
steam  itself,  and  which,  has,  in  s|.  great  measure^  supep^seded  the  use 
of  theformer,  whose  powers  are  more  limitedj  and  ofwhich  we  shsJ^ 
ik^re  attempt  a  short  descruption ;  and,  firsts  we  will  observe  that  the 
practice  now  adopted,  of  placing  the  steam  cylinder  detached  i&om 
tM  boiler,  but  commumcating  with  it  b^  a  pipe,  has  quite  SHPjfi^ 
seded  that  wherein  they  are  immediate^  connected :  and  it  das 
this,  among  many  other  advantages,  that  the  safety  of  the  bpiler  is 
insured  from  any  sudden  jolts  that  the  engine  may  be  subject  to. 
Again,  the  steam  is  npt  condensed  in  th$  cylinder  by  a  jet  within 
it,  as  formerly,  but  in  a  separate  vessel»  as  the  following  igura 
yrUA  shew;  {Fig,  1.  PL  F.)  A  is  the  p^pe  conveying  the  steaqR  f'om 
the  boiler  to  the  cylinder,  that  is,  to  t^  upper  side  of  the  pisto% 
by  means  of  the  pipa  at  B)  and  to  the.  uiuMr  side  by  m^ans  pf  the 
pipe  at  C ;  thes^  pipes  are  furnished  wi^  valves,  and  ase  actod  09 
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much  in  the  same  manner  as  in  the  common  engines,  nvhich  the 
figiue  will  sufficient  shew.  The  piston  rod  D  is  a  solid  rod  of 
iron,  and  connected  with  the  beam,  by  a  piece  of  mechanism  called 
the  parallel  joint,  at  XY,  which  is  so  constructed  that  the  piston 
rod  is  always  in  a  perpendicular  direction.  There  is  also  a  com- 
munication from  the  top  and  bottom  of  the  cylinder  to  a  separate 
vessel  at  £,  in  which  the  steam  is  condensed  after  being  drawn 
out  of  the  cylinder  by  means  of  an  air-pump  F,  which  works  by 
means  of  the  above  parallel  joint  at  Z ;  and  these  two  vessels  or 
cylinders,  viz.  the  condensing  cylinder  arid  the  air-pump,  are  sur- 
rounded with  cold  water,  and  are  constantly  supplied  by  the  pump 
G,  worked  by  the  other  arm  of  the  great  beam ;  the  air  pump  F 
draws  off*  the  water  formed  by  the  condensation  of  the  steam,  into 
tlie  cistern  H,  and  is  pumped  out  of  it  by  means  of  the  pump  I, 
and  is  dience  conveyed  by  the  pipe  R  back  again  into  the  boiler. 

I  shall  now  explain  the  action  of  this  engine.  The  communi- 
cation being  opened  from  the  boiler  to  the  underside  of  the  steam 
cylinder,  its  elasticity  forces  the  piston  up,  and  at  the  time  the  air- 
pump  ibrms  a  vacuum,  and  the  steam  rushes  into  the  condenser, 
a  vacuum  is  fonned  beneath  the  piston;  at  which  moment  the 
steam  enters  above  the  piston,  and  is,  in  like  manner,  drawn  o£r 
and  condensed ;  and  thus,  alternately,  the  pressure  of  the  steam 
acting  on  the  under  and  upper  sides  of  the  piston,  a  reciprocating 
motion  is  produced  in  the  beam,  and  a  self-moving  power  is  kept 
up  as  long  as  (here  is  a  supply  of  steam.  Now,  for  the  purposes  of 
mechanioil  operation,  this  motion  is  converted  into  a  rotatory  one, 
by  means  of  a  rod  L,  ^m  the  end  of  the  beam,  which  is  connected 
with  a  crank  (and  fly  wheel  M)  at  its  extremity,  and  thus  a  con- 
stant revolving  force  is  applied.  There  are  a  number  of  contri- 
vances to  regulate  the  motion  of  the  engine,  and  for  ensuring  the 
safety  of  the  boiler,  which  the  limits  of  this  article  will  nott^mit 
of  enumerating,  and  for  which  I  would  refer  the  reader,  amongst 
other  works,  to  Stewart's  Descr^awe  Hittwy  of  the  Steam  Engine, 
Barlow's  Mathematical  "Dictionary y  or  the  EJncyckmedia  Britannica, 
and  Supplement.  I  have,  however,  in  the  plate  here  given,  intro- 
duced the  most  usual  contrivance  of  two  balls  o,  o,  which  are  con- 
nected with  the  fly  by  means  of  a  pulley,  P;  and  as  the  motion  in- 
creases, or  diminishes,  the  balls  are  nearer,  or  ferther  apart,  from 
the  centrifugal  force  imparted  to  them :  thus  raising,  or  depress- 
ing,  a  lever  Q,  connected  with  a  cock  B,  in  the  pipe  AA,  which 
comes  from  the  boiler;  and,  consequently,  regulating  the  quan- 
tity of  steam  admitted  into  the  cylinder,  and,  by  that  means,  the 
velocity  of  the  whole  engine :  thereby  producing  a  steady  and 
uniform  motion  to  all  the  machinery  connected  wiBi  it. 

Extmq>le9A.  Page  221,  Compound  Steetryardj^^-On  iA»  subject 
of  steel-yards,  it  may  not  be  sutogeUier  foreign  to  our  purpose  if 
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we  here  mention  two  or  three  machines  that  are  in  use,  for  the 
purpose  of  weighing  goods ;  and  as  the  steei-yard  is  calculated  to 
weigh  any  thing  without  a  multiplicity  of  weights,  these  engines 
may,  I  think,  very  properly  be  mentioned  in  this  place,  as  they 
are  calculated  to  perform  the  same  operations  as  the  steel-vard, 
and  have  this  conyenience, — that  not  any  weights  are  required,  but 
simply  shew  the  weight  by  an  index,  or  graduated  scale>  and  tell, 
at  sight,  the  weight  of  any  substance  without  eyen  the  trouble  of 
shifting  a  weight,  as  in  the  common  steel-yard.  Fig.  1,  PL  G, 
represents  a  machine  commonly  known  by  the  name  of  the 
tpring  Ueelryard :  AB  is  a  hollow  cylinder  of  iron,  or  brass, 
haying  a  cap  at  the  end  A,  with  a  square  hole  in  it  to  admit  the 
rod,  or  beam,  DE,  whose  end  E  is  formed  into  a  round  nut,  and 
end  £  has  a  ring  by  which  it  may  be  held  in  the  hand,  or  sus- 
pended from  a  hook :  within  the  tube  AB  is  a  spiral  spring, 
wound  round  the  bar  DE ;  and  at  the  end  B  is  a  hook  C,  to  which 
the  weight,  or  substance  to  be  weighed,  is  hung.  The  action 
of  this  instrument  is  as  follows :  Haying  suspended  a  we^ht 
from  the  hook  C,  lay  hold  of  the  ring  D,  then  the  nut  £  pressing 
on  the  spring,  which  is  a  spiral  piece  of  steel,  it  causes  the  bar 
attached  to  tiie  ring  to  draw  out ;  and  if.  we,  make  a  mark  on  the 
bar,  corresponding  to  the  weight  hung  from  C,  that  point  will 
always  indicate  the  weight  of  any  substance,  equally  tfonderous, 
that  may  be  suspended  fiom  the  hook.  In  this  manner,  haying  sus- 
pended seyeral  weights,  and  made  marks  corresponding  to  them« 
on  the  bar,  we  shall  haye  a  scale  which  will  always  indicate  the 
number  of  pounds,  &c.,  any  body  may  weigh  that  is  suspended, 
from  die  hook  at  C :  and  we  may  here  obserye,  that  though,  for 
common  purposes,  it  will  be  found  sufficiently  accurate,  yet  it  is. 
subject  to  yariations  from  the  different  degrees  of  temperature  of. 
the  atmosphere,  which  lengthens  the  spring,  or  causes  it  to  be  more 
stiff  at  one  time  than  at  another,  and,  consequently,  the  diyisions 
of  the  scale  on  the  bar  will  not  always  be  sufficiendy  accurate 
where  any  nicety  is  required. 

The. next  instrument  which  I  shall  describe,  and  which  is  simi- 
lar in  its  construction,  being  dependent  on  the  action  of  a 
spring,  is  represented  in  Fig,  2,  PL  G,  and  is  generally  termed 
the  £td  balance.  AB  is  a  flat  bar,  as  in  the  last  construction ; 
but  instead  of  pressing  against  a  spiral  spring  in  a  tube,  it  exerts 
its  force  by  its  end  H  (when  drawn  out  by  a  weight  attached  to 
the  hook  C)  on  an  eliptic  or  circular  spring,  GHL^  enclosed  in 
a  circular  box,  D£,  the  end  opposite  n.  being  fixed  to  the  box. 
Now,  as  A  is  drawn  out  by  the  weight  W,  the  two  sides  of  the 
spring  approach  each  other ;  then,  if  there  is  a  rack,  on  the  bar 
AB  working  in  the  wheel  F,  it  will  turn  another  wheel,  K,  on 
whose  axis  a  hand,  L,  is.fixed^  whicb|  coming  through  a  j^te  . 
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•crewed  on  the  front  of  fte  liox  DB,  it  will  indicste  the  mimber 
of  pounds  bung  on  the  hook  C ;  and  this  plate  is  divided  by 
hanging  weights  of  1,  2,  3,  &c.  pounds  in  snoeession  on  C,  and 
aiaking  marks  on  the  plate ;  then,  at  any  time,  we  can  see,  by 
inspection,  the  we^t  wUch  is  hung  on  the  hook  C.  This 
kiBtrument,  though,  perhaps,  superior  in  many  respects  to 
the  first  mentioned,  is  stttl  subject  to  many  of  its  defects ;  for 
the  streng^  of  the  spring  not  being  at  all  times  uniform,  many 
errors  must  consequently  arisen  «Bd  however  w^U  it  niay  be 
CKiecuted,  with  respect  to  woikmanship  or  accuracy,  in  the 
divisions  in  the  first  instance,  continual  use  must  weaken  the 
Ibrce,  or  elasticity,  of  the  spring,  and  thereby  cause  the  hand  to 
point  to  divisions  in  the  plate  which  do  not  peifeetly  correspond 
to  the  weight  on  the  hook. 

The  last  instrument  I  shall  now  notice  is,  vi^at  is  usually 
termed  the  bent  lever  balance.  This  is  represented  at  Fig.  3,  PL 
G,  where  FED  is  a  bent  lever,  supported  on  an  axis  at  £,  ^xed 
to  a  standard,  ABC,  to  which  is  attached  a  gi'aduated  quadranl, 
GB.  At  D  is  a  scale ;  ^and  the  end  F  is  loaded  wilh  a  weight 
tfiat  just  keeps  the  scale  H  in  equilibrium  when  F  is  aft  the  com* 
menoement  of  the  "scale,  or  division  of  the  arc  BG  i  then,  if  we 
plaee  a  weight  in  the  scale  H,  the  end  of  the  lever  Fuscends 
through  the  Sffch  till  it  comes  to  an  equilibrium  with  the  scale  and 
tile  weight  in  it.  Now,  if  w«  suppose  an  •  hbricontel  line,  IK, 
diawn  through  the  line  of  suspension  £ ;  qpd  if  from  Fand  D 
we  draw  the  perpendiculars  FL  and  DK ;  and  if  the  weight  in 
the  scale  H,  and  the  weight' at  the  end  F,  are  reciprocally  pro- 
portional  to  the  distance  K£  and  £1,  we  shall  always  have  an 
equilihrium;  but  as  the  weight  at  £,  by -ascending  through  the 
arc  BG,  constantly  makes  the  distance  £1  greater  as  it  ap- 
proaches G,  so  the  weight  in  the  scale  U  must>  of  necessity,  be 
increased  to  produce  an  equilibrium.  This 'form  of  <tlie  faekmce  is 
very  convenient,  as  it  needs  no  weights,  and  no  mistake  ean 
possibly  occur,  as  we  have  only  to  refer  to  the  graduated  arc  GB 
for  the  amount  of  the  weight  in  the  scale  H ;  consequently,  when 
the  divisions  are  once  marked  on  the  arch,  there  will  be  no  sensible 
difference  in  the  instrument  from  the  temperature  of  the  atmos- 
phere, &c. ;  and  if  the  centre  £  in*  the  'lever  is  madeof  a  piece  of 
baldened  isteel,  and  the  pin  in  tiie  standard  made  similar  to  tiie 
pin  in  the  common  scale,  with  'a  sharp  'edge  for  tibe  lever  lo  rest 
on,  it  will  indicate,  with  considerable  aeduracy,  the  weigfatm  the 
stiile^  and -have  sca^ely,  if  any,  fHctlon  of  consequence ;  «nd, 
ae(H)rding  to  the  weight  fhed  at  F,  -the  scale  may  be>  made* to 
shew  o^ces,.poimds,&c.in'the  divisions  in  the -arch  BG. 

Exatnpie  ^9,    Page  393.— ^n  <he  subject  of  this  article,  I 
mi^t  here'uh^W  a  great  'Variety  of  eottstruetieiis, 'and  describe  the 
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partieidar  parposes  to  whieh  they  are  most  appKcablo,  but  89  ttait 
.would  be  an  akaoal  endless  tad^,  and  as  the  machine  here  de- 
scnbed  is  t  sufficient  for  the  workmen  to  understand  the  general 
)pnnciple  on  whieh  tliKtnost  useful  engine  is  constructed,  I  shall 
content  myself,  with  a  description  of  one^  the  principles  of  which 
aie  somewhat  different ;  and  which,  though  described  by  yar^us 
aothorsy  is,  or  has  been^'but  4ittle  attended  to  by  modern  me- 
idianicsy  but  which,  in  many  cases,  may  be  used  to  very  good 
ipurpo8e>.being,inagBeatmeaeure,  fceeftrom  that  iuconvenience  all 
engines  are  more  or  less  subjected  to,  that  is—friotion.  I  shall 
•therefdrei  gire,  with  soloae  little  alteration^  the  form  of  the  crane, 
aa  it  is  described,  by  >M.  Pexrault,  in  rather  a  scarce  worl^,  pubh 
lishedmany  years  ag^at- Paris,  under  the  title  of  Recueil  de  Blur 
neurs  Machmts^de  nmmelle  InoffB^ion*  Fig,ty>Flate  H,  is  a  pec- 
-spectiTe  representation  of  the  machine :.A' A  a  roller,  on  whi<^  is 
idfixed  a  pulley  B«;  this  moves,  or  rolls,  up  and  down  between  the 
parallel  pieces  OP/OP-;  theeords  C  C,  are  twisted  round  the  rol- 
ler A  A,  and  affixed  to  O  O,  round  the  pulley  B,  in  another  cord 
£  •£,  which  is -twisted  round  the  oapstern  G  G,  and  proceeds  also 
xounid  the  roller  I,  to  the  hand  al  E,  where  it  is  held.  Now,  as  the 
capstern  is  turned  round  by  the  levers  K  K,  which  eapstem  slides 
in  a  long  hole  made  in  the  side  pieces  O  O,  the  mode  of  its 
action  will  be  best  seen  by  considering.  Fig.  2,  PL  H,  where,  a^ 
there  are  the  same  letters  of  reference,  a  comparison  will  make  it 

Suite  clear.  A  A  is  the  cylinder^  having  die  pulley  B  fixed  to  it; 
le  ropes' C  C  are  tetened,  as  shewn  in  the  Figure;  the  rope  D 
sustains  the  weight  W.;  thesope  E.going  through  F,  (within  which 
there' is  a  oontriirance  hereafter  shewn,  to  hold  the  rope  in  any 
pesitien,)  is  twisted  round  the  capstern  G  G,  and  roller  I ;  the  ropes 
a  a.  are  fixed  to  F,  and  partly  wound  round  G  G  in  the  direction 
shewn,  and  here  fixed;  and  the r same  by  the. rope  6  6  fixed  to 
H  H,  and  partly  wouad  round  G  G,  and  there  fixed.  These 
ropes,  it  will  be  seen,  are  wound  round  G  G  in  contrary  direct 
tions;  therefore,  in  turning  the  lev^er- K  towards  you,  the  capstern 
approaohes  F,  by  rolling  along  the  <gfopve  between  the  side  piecetf . 
'We  will  ttow!suppose-the  machine  in  action,  and- r^r  again  to 
Fig.  1,  P/.  H,  and  let  the  pulley  B,  widi  the  ro^t  A  A,  down 
towards  R,  and  the  weight  W  attached  to.  the  rope  D,  flmd  the 
eapstem  G  G  near  H  H  :  now,  by  drawing  or  pulling  the  levers 
K  K  towards  you,,  A  will  •draw  the  cope  attached  to  the-  pulley  B, 
imd  make  it  rollupwarda  towards  O  0,as  it  is  prevented  from 
dcBcendiilg  by  the  cords  C^G,  which,  as  B  ascends j  are  wound 
round  A  A.  During  this  motion  of  the  pulley  the  cord  D  is>wound 
round  A,  and,  con8eqae&tly,'elevaMd  both  by  dxat  and  ttiepuUey 
^scendmgalofiglhe  side  O  D$  also,  after th&puUey  hasaseended 
a  litde  along  the  sides,  the.  capstern  (Gr  G  is  drawn  up  towards  F. 
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TheTope  is  now  held  at  R,  and  the  capstern  turned  back  towards 
H,  ana  the  weight  is  prevented  descending  zgadn  by  the  rope  £ 
being  secured,  by  tlie  contrivance  within  F,  as  above  mentioBed. 
Tbe^ame  operation  is  repeated,  till,  at  length,  the  body  W  is  raised 
to  the  height  required.  The  whole  machine  is  supported  on  a 
pierpendicular  axis  L  L  going  through  the  braces  R  and  M,  and 
the  standard  Q,  which  is  firmly  fixed  to  the  ground.  Now,  it  will 
be  readily  seen,  that  as  the  roller  A  A  and  capstern  G  G  do  not 
move  as  an  axis,  but  merely  roll  along  the  sides  O  D,  the]  firiction 
is  very  inconsiderable. 

I  shall  now  describe  the  contrivance  wiUiin  F,  which  holds  the 
rope  E  in  any  position.  In  reference  to  Fig.  4,  P/.G,  F  repre- 
sents a  box,  in  which  are  afiixed  two  clamps  A  A  moveable  about  a 
centre  A  A;  a  plate  B  C  connects  tiiem  together;  one  part  at  B 
being  fixed  to  one  clamp,  and  the  other  part  at  C,  havii^  a  slit  or 
hole,  with  a  peg  or  pin.  The  rope  G  H  passes  between  the  ends 
of  these  clamps,  and  is  pressed  or  squeezcKi  by.  a  spring  T),  which 
holds  it  fast;  and  if  we  pull  at  H,{the  rope  will  slide  between  them, 
but  is  prevented  moving  in  the  diirection  towards  G.  There  is 
also  a  cord  E  E  passing  through  one  clamp,  which,  by  pulling, 
releases  the  cord  G  H  when  necessary,  and  wnich  is  shewn  in  Fig^ 
2,  PL  H,  at  SS,  but  omitted  in  Fig,  1,  to  avoid  confusion. 

I  have  introduced  this  description,  not  so  much  with  a  view  of 
showing  something  which  has  peculiar  advantages,  but  more  to 
give  a  general  idea  of  a  principle  which  has  been  little  attended 
to,  and  as  something  not  generally  knovm  amongst  medianics ;  as 
I  feel  persuaded,'  that,  in  the  hands  of  many  of  my  readers,  this 
principle  may  be  applied  with  great  advanti^e  to  many  engines, 
and  to  many  purposes  hitherto  not  thought  of :  and  as  it  is  one 
that  has  the  great  advantage  of  removing,  almost  altogether,,  that 
great  difficulty  of  lessening  the  friction  of  machinery,  it  might  fur- 
nish, at  least,  some  hints  which  the  practical  workman  will, 
doubtless,  improve  on. 

Example  102.  Page  225. — Clock.— -As  the  art  of  clock-making 
is  a  subject  which,  of  itself,  would  fill  several  volumes  to  describe 
their  various  forms  and  constructions,  I  can  only,  on  this 
head,  recommend  to  my  readers  some  works  that  will  give  any 
information  required  ;  and,  first,  I  would  recommend  for  a 
copious  list  of  authors,  both  English  and  Foreign,  Gregorie's 
Mechanics,  vol.  ii.,  page  140;  besides  which,  I  would  recom- 
mend Martin's  Meaumical  Institutions;  Ferguson's  Mechanical 
Exercises;  the  Enq/clopedia  Britannica,  and  Supplement;  Cham- 
ber's Cyclopedia ;  and  Harrison's  Lexicon  Technicum,  (as  well 
as  the  article  Clepsydia  in  the  same,)  and  to  vol.  xxv.  of  the 
Philosophical  lyansactions ;  added  to  which,  the  reader  will  be- 
amply  gratified  by  referring  to  the  Transactions  of  the  Society  o£ 
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Arts,  for  modem  improTements,  with  respect  to  pendulum,  es- 
capements, &c. 

Example  103.  Page  2Z0,-r-Cuttiing  £7rgiRe.—The  instrument 
here  described  has  been  greatly  improved  in  its  construction 
since  the  time  of  our  author,  both  in  respect  to  its  several  adjust- 
ments, and  with  respect  to  the  cutter :  but  as  the  principle  is  still 
the  same,  I  shall  not  here  particularly  describe  the  improvements, 
as  every  workman  must,  at  once,  see  the  defects ;  but  I  think  it 
necessary  to  make  some  observations  with  respect  to  the  cutting 
of  teeth  in  wheels  in  general,  and  to  the  dividing  plate  of  this  in-; 
strument.  In  the  first  place,  in  any  piece  of  clock-work,  having 
first  calculated  the  number  of  teeth  in  each  w))eel  necessary  to 
produce  the  motion  required,  it  is,  also,  requisite  to  know  the 
proportion  of  the  diameters  of  the  several  wheels  to. each  other,  so 
that  when  they  are  cut  into  the  required  number  of  teeth,  they- shall 
work  fineely  together ;  that  is,  for  instapee,  having  two  wheels,  in 
which  we  are  required  to  cut  any  particular  number  of  teeth,  we 
must  proportion  the  diameter  of.  these  wheels  to  each  other,  so 
that  the  teeth  in  each  of  them  may  be  of  the  same  size,  or,  that  the 
teeth  of  one  may  fit  accurately  into  the  spaces  of  the  -other  :  and 
here  I  cannot,  I  think,  do  better  than  extract  a  jpassage  from 
Mr.  F«rgusson's  Select  Medtamcat  EscercUetf  under  the  form  of  the 
following  Proposition,  mentioned  at  page  42,  the  third  edition. 

^*  Siqjnmng  the  distance  between  the  centre*  of  two  wheels^  one  of 
whkkis  to  turn  the  othery  be  given  ;  and,  that  the  number  of  teeth 
in  one  of  these  wheek  is  different  to  the  number  of  teeth  in  the  other, 
and  it  is  required  to  make  the  diameters  of  these  wheels,  in  such  pro- 
portion to  one  another,  as  their  number  of  teeth  are,  so  that  thefeeth 
m  both  wheels  may  be  of  equal  me,  and  the  spaces  between  them 
equal,  and  that  either  qfthem  may  turn  the  other  easily  and  /reefy  ; 
f^  is  required  to  find  their  diameter. 

.  ^f  Here  it  is  plain  that  the  distance  between  the  centres  of  the 
wheels  is  equal  to  the  sum  of  both  their  radii  in  the  working  parts 
of  the  teeth.  Therefore,  as  the  number  of  teeth  in  both  wheels, 
taken  together,  is  to  the  distance  between  their  centres,  taken  in 
any  kind  of  measure,  as  feet,  inches,  or  parts  of  an  inch ;  so  is  the 
number  of  teeth  in  either  of  the  wheels  to  the  radius  or  semi- 
diameter  of  that  wheel  taken^  in  the  like  manner,  from  its  centre  to 
the  working  part  of  any  of  its  teeth. 

*^Thus,  supposing  ihe  two  wheels  must  be  of  such  azes  as  to. 
have  the  distance  between  their  centres  five  inches;  that  one 
wheel  is  to  have  75  teeth,  and  the  other  to  have  33,  and  that  the 
sizes  of  the  teeth  in  both  wheels  is  equal,  so  that  either  of  them 
may  turn  the  other ;  the  sum  of  the  teeth  in  both  wheels  is  108 ; 
therefore,  say  as  108  :  5  ::  75  :  3*47,  and  as  108  :  5  ::  33  : 
1*53;  so  that,  from  the  centre  of  the  wheel  of  75  teeth  to  the 
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workiBg'  paK  of  anf  tooth  in  it,  is  3  incbea  and  47  hundred^ 
parts  of  an  inch ;  and  from  the  centre  of  the  wheel  of  33  teeth 
to  the  working  part  of  either  of  its  teeth,  is  1  inch  and  53 
hundredths  of  an  inoh.^ 

Now,  it  frequently  happens  in  pvactice,  that  we  hare  die 
diameter  of  one  whed  given  as  well  as  the  number  o^  teeth  in  it, 
and  this  wheel  is  required  t<^  turn  another  of  a  given  number  of 
teeth :  hence  arises  the  following  Proposition : 

Mmdng  the  number^  of  teeth  tn.  etieh  (^'  two  tohteky  and  aUo 
tk$  diameter  of  one  wheeli  it  is  nequited  to- find  the  diameter- of  the 
otheTy  andf  cofuequently,  the  diitanee  hettoeen  the  centres  of  the  two 
wlieeU. 

We  will  here  suppose,  as  in  the  last  Pn^position,  thai  oat 
wheel  has  75  teeth,  and  the  other  3a  teeth,  and  (hat  the  diameter 
of  the  wheel  of  7^  teeth  is  3-47  indies;  here,  theB>  by  the  rule 
of  proportion,  say  as  7^  :  3^47  :  33  :  1*53,  the  diameter  of  Uie 
v^eel  of  33  teeth ;  henee  3*47  -f  1*53  3  5  inohes,  the  distance 
between  their  centres.  Now,  with  regard  to  the  dividing  plate  of 
the  engine,  it  appears  that  if  the  niunbev  of  teeth  we  wish  to 
cut  in  any  wheel  is  not  l^id  down  in  oaeoS  the  coneeBftric  circles^ 
or  is  not  a  multiple  of  any-  of  the  numbers,  there  marked,  we 
must  have  recourse  to-  some  other  method  than  there  shewn,  for 
cutting  the  required  numbeii  of  teeth  $  and  ^is,  though  not  fre* 
quendy  wanted  for  the  generality  of  clock-work,  is  soi^itftimes 
necessary,  and,  indeed,  indispensable,  in  the  construction  of 
orreries  or  astronomieal  docks,  and  various  other  machines. 

I  will,  therefore,  here  shew,  how  we  may  divide  a  drde,  with 
ease,  into  any  number  of  parts,  which  will  enable  us  to  make 
fresh  points  on  our  dividing  plate,  or  divide  the  wheel  itself  witk 
very  httle  trouble.  I  shall  here  remark,  that  the  chi^  difficulty  is 
in  dividing  a  circle  into  any  odd  number  of  parts,  as  all  the 
divisions  on  the  plate  are  amply  sufficient  fox  the  enen  parts. 
It  is  plain,  that  from  any  number  of  odd  parts  we  may  subtreot  a 
number  which  shall  leave  the  remainder  even^  Ihus,  suppose 
we  wish  the  circle  to  be  divided  into  50  parts;  if  we  subtract  % 
there  vrill  remain  50 ;  dierefore,  to  ascotain  on  the  circle  thai 
proportion  of  its  circumference  which  will  contain  9  parts  out  of 
the  59,  say  as  59  parts  is  to  360  degrees,  (the  whole  cuele,)  so  is 
9  parts  to  54*9  degrees ;  therefore,  if,  hy  means  of  a  sector,  or 
scale  of  cords,  we  make  an  angle  at  the  centre  of  the  cirde 
equal  to  59*9  degrees,  we  shall  enclose  a  space  of  the  dreum* 
forence  equal  to  the  9  parts  required ;  and  as  it  is  much  easiei^ 
by  trials  with  a  pair  ot  compasses,  to  divide  this  space  on  the 
circumference  into  9  parts  than  the  whole  drde  inl*  59  P^c^ 
we  have  an.  easy  wav  to  perform  the  Opersition ;  for  having  round 
one  of  the  9  parts,  tliat  distance  will  go  59  times  in  die  circumr 
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ferehce,  and,  therefore^  if  holes'  ai6  jmnched  at  ^tuA  ^isfance  in 
another  concentric  circle  on  the  dividing  plate,  it  will  answer  the  " 
purposes  intended;  and  thus  we  have  a  fresh  division  of  59 
parts,  or  any  multiple  of  it,  as  118, 177,  &c. 

I  would  here  suggest  a  method,  which,  as  I  have  never  seen 
either  in  actual  practice  or  described  in  any  author,  YtHtnk  would 
be  a  material  improvement  in  the  con  truction  of  this  engine,  as 
it  would  do^way  with  the  neoeswity  of  the  fixed  divisions  or  holes 
in  the  dividing  plate,  as  well  as  enable  us  vnth  great  Accuracy  to^cut 
any  required  number  of  teeth,  either  even  or  odd,  in  our  wheds. 
IM  the  edge  of  the  dividing  plate  be  cut  into  oblique  tteth,  so  as 
it  shall  be  tinmed  round  its  centre  by  means  of  a  screw  working 
against  it,  in  the  same  manner  as  many  of  our  astronomical  in- 
struments are;  and  let  the  screw  be  such,  that  any  number  of 
turns  round  its  axis  shall  move  the  plate  once  round  its  centre; 
for  instance,  let  300  turns  of  the  screw  turn  it  once  round ;  then,  it 
is  evident  that  one  turn  of  the  screw  round  its  axis  will  move  Uie 
f>late  round  a  300th  part  of  its  circumference :  in  like  manner,  any 
number  o£  turns  will  move  it  a  proportional  part.  Thus,  we  have 
for  even  numbers  a  ready  method  to  divide  the  circumfeience  into 
any  number  of  parts,  which  are  a  multiple  of  300.  For  instance, 
'  suppose  we  wish  to  divide  the  plate,  or,  which  is  the  same  thing, 
cut  50  teeth  in  any  wheel,  we  divide  300  by  5^;  the  quotient  is  6, 
which  shews  that  6  tinrns  c^  the  screw  will  move  the  plate  forwaid 
'^  space  sufficient  for  one  tooth ;  therefore,  we  have  only. for  each 
tooth  to  turn  the  screw  round  six  turns  to  divide  the  plate  into  the 
number  of  parts  required.  Now,  the  method  for. dividing  .the 
opiate  or,  which  is  the  samf  thing,  to  cut  any  number  of  odd 
teeth  in  the  wheel,  is  analogous  to  this.  But  it  will  be  necemry 
to  have  the  head  of  the  screw  divided  into,  a  number  of  equal 
parts,  say  100,  and  an  index  so  fixed,  that  we  shall  be  able  to  as- 
certain the  number  of  turns,  as  well  as  fractional  parts  of  a 
turn,  we  wisl^  to  give  to  the  scre^,  in  order  to  move  the  plate  hr^ 
vi^urd  a  space  equal  to  the  distance  of  the  divisions  we  wish,  in  the 
dividing  plate.  Thus,  suppose  we  wish  to  divide  the  plate  into 
56  equal  parts,  or  cut  56  teeth  in  our  wheel,'  we  divide  300  by  56^ 
tiie  quotient  is  5*35  nearly,  wluch  shews  tiiat  for  each  toom  we 
must  turn  the  screw  3  times  round,  and  35  parts  of  the  hundred  di- 
>•  visions  into  which  the  head  is  divided.  By  this  method,  any  odd 
number  of  teeth  may  be  cut;  and  to  any  Mechanic  at  all  acquaint- 
ed with  the  nature  of  the  method  of  dividing  a  circle  by  the  me- 
thods used  on  the  arcs  of  mathematical  instruments,  this  vidll  be  as 
simple  as  possible ;  and,  if  necessary,  jl  st<n>  might  be  fp  contrived 
to  the  screw,  that,  after  it  was  once  adjusted  to  the  required  number 
of  turns,  it  would  be  only  necessary  to  turn  the  screw  for  each 
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^toothy  dd^k  isame  to  te  nquind  posilitti;  and  iktis  piDoeed  for 
^  every  toDth  vomid  the  dnannferenoe  of  4he  wbeel. 

I  liafoe  not  thodriitit  necessary  to  illilBtrate  this  by  an  engrav-* 
ing,  as,  {fom  what  I  have  advateed^  ilt  will,  I  trost,  be  petfectiy 
iofficient  as  a  hint  for  the  tmpraivemeaft  of  tbe  inslrament  under 
consideration^ 

Bg^Mfie  105.  Pugt  283.--Tbe  waierHnil^here  desrattMd  by  oar 
«athor,  thoogh  ingenioiui  in  itr  oonetiwstioii,  will  be  fboad,  in 
ftctual  practice,  attended  with  «nny  inconveniences*  And  first, 
as  the  weight  of  the  spindle  with  its  spiral  leaf  must,  of  neoessityy 
be  €DBsid£-able,  it  feUfMvs,  that  the  mdlon  on  the  pivot  att  te 
low«r  extRoaity  will  be  sock  asto  occasion  the  want  of  veiv  frei{uent 
repair,  particularly  if  we  add  to  tbe  weig^it  of  tbe  mill  itself  tbe 
weight  of  the  wster  vnAt  wlncih  it  is  loaded.  Another,  pnotical 
inconvenience  is,  that  it  will  be  foond  veiy  difiicnh  to  make  the 
spiral  wheel  work  within  the  cylinder  wdlhout  considerable  loss 
eif  waiter,  and,  consequently,  a  waste  of  povrer ;  and  without  bddn^ 
iwlo  aMonntthe  aetual  expense  of  the  construction  of  the  machine 
Itself,  when  compaied  wioi  its  power  asd  effects,  it  viU  beieaad) 
that  4he^~«dvantBges  its  simpUcity  offers  are  more  tlnm  oounteiu. 
baiaaiced  by  its  delects ;  butidiat  the  principle  of  die  spiral  waters 
whed  may,  uwier  many  citcmnglances,  be  of  benefit,  and  ^rortW 
tbe  consideration  o^e  pradtieal  MeohaniG,  is  not  to  be  doubted^ 
tfaengh  it  has  hhberto  not  been  applied  with  any  metenal  «dk 


I  shall,  in  ^is  )phM)e,  describe  airother  water^nili  upon  the 
MiDcip^  of  the  piessaee  of  *wster  when  icoofined  in  pipesy  and 
flowing  e«t  at  holes  in  their  sides,  tlpreby  jwodncing  at)ea(tr]£bgal 
neffion  capalble  ef  taming  a.  miiWstoae,  or  inoving  any  other  »»<• 
ddnery.  This  instrameni,  in  its  enciginai  libra,  is  known  wnder 
the  tille  of  BorftBr^s  or  Borvn/Vfiitl^  and  improved  by  Mr.  Ruan* 
aey.  A  yety  partioular  teseription  of  it,  with  ithe  oalcuhutions 
nesettaly  to  eMhnaite  its  powen,  will  be  feood  lb  Gregory^ 
Aletfhaniu»,pagel«,v01.ii.  .''  * 

£  rtAll  hel«  dcMnribe  it  widi  its  improvements,  and  refer  te 
rMider  <lbr  its  original  fortiv  totbe  above  work,  and  riso  Id  Desa- 
golierV  Ei^^mental  PfnUnap^^  vol.  iii«,  pe^  459,  or  Fergn- 
•aen^  L&eturet  (Brcwstoi's  Bdition,  toL  it,  page  103.) 

Fig*  i,FLI.  repre:»ents  die  mill  wiihMr.  Rnmaey's  hnpsave-  w 
ment;  A  and  B  are  die  two  ndll-sstones  Testing  on  ^die  bed  C ; 
A«Rn  the  upper  slone.  A,  prt>ceeds  an  axis,  or  spindle,  F,  whidi  is 
nttacbed,  and  turns  with  it;  the  end  of  fthe  spindle  is  tesd  to  a 
hollow  (^rlipder'G  H,  hav9i||r u hofas  at  Gand  H,  on  thermite 
sides  of  i^;  this  cylinder  hns  u  commmiicmion  widitheiprpelKK, 
the  part  ef  the  pipe  aboee  I  being,fixBd  to  die  cyhnder,  and 
having  a  joint  at  I  on  which  it  tarns,  when  the  mill  is  in  motion ; 
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th^  dotted  Udm  wkbin  the  pip*,  af  I,  rq)raent  •  conliiHiatiou  of 
the  ^iiidle  F^  vrkatk  woiks  on  a  ptfet  within  the  pif>e  ;  the  joint 
at  I  IS  made  water-tight;  at  L  is  a  reservoir  of  water^^the  conr 
tents  of  which  descending  along  the  pipe  K  asoend  tfaraegh  I, 
into  the  cylinder  OH,  and  are  forced  oat  at  the  holes  G  and  H, 
which,  aeliiig  on  oentresy  jides  of  the  cyUnder,  tnaike  it  levolve^ 
and,  consequently,  carry  with  it  the  sjnndle  F  and  stone  A; 
the  whole  is  supported  hy  Hihe  frame  D£ :  these  is^  eleo,  a  eon* 
triranoe  to  augment  the  cunfioe  of  the  holes,  at  G  and  H,  bjy  which 
» the  Telocity  of  the  mill  is  regulated. 


It  is  evident,  that  the  power  of  this  engine  dependi,.  in  a  great 
measore,  on  the  height  of  the  reservoir  I^  and  quantity  of  water 
flowing  through  the  pipe  K:  hence,  ^  machiQe  is  wett  cdl^ 
eolated  Air  those  situc^cma  where  Ae  fall  is  great,  and  the 
quantity  of  water  fafot  small;  it  most  be  here  eoafessed,  that, 
however  simple  the  action  of  this  mill  is,  still  the  thieoiy  of  its 
actioois  ooaaected  with  soma  calodations  semewhal;  abstruse  in 
^Mk  natinre^  and  which  want  of  room  will  not  enahle  Its  to  do 
uore  than  stat^  and  refer  ibr.  iktt  tiliailation  itsetf  to  the 
woiks  above  named.  The  seveml  data  required  ate,  plincipaUy, 
the^fottorwing  -.^^Ftnt^  the  magnitode  of  the  pipe  which  ooAvm 
the  water  from  the  reservoir :  Sewni,  the  iotoe  with  wiiich  the 
machine  commences  its  motion : .  Third,  the  quantity  of  the  cen- 
trifugal force  in  the  hollow  cylinder :  Fourth,  the  inertia  vt  the 
water  which  acts  in  Opposition  tb  the  centrifugal  fbtce :  FiAh, 
the  acquired  velocity  or  the  water  on  issuing  from  the  cylinder : 
S^th,  the  ratio  of  the  central 'force  to  the  inertia ;  added  to  which, 
it  is  requisite  to  adjuat  the  several  pipes  and  cylinders,  as  well  as 
the  area  of  the  apertures  in  the  cylinders,  so  that  a  maximum  of 
effect  may  be  produced. 

Example  106.  Page  334. — As  the  subject  of  arches  is  one  of 
considerable  interest,  and  has,  since  the  time  of  o^r  author,  Mr. 
Emerson,  engaged  the  attention  of  men  of  science,  I  shall,  (our 
pages  not  allowing  us  to  enter  minutely  into  the  different  opinions 
of  various  authors,)  in  the  first  place,  give  a  list  of  some  works 
that  will  amply  gratify  the  curious  on  tiiis  point,  and  add  another 
Table  for  the  construction  of  any  arch  from  any  given  extrados, 
or  line  of  carriage-way  across  the  bridge ;  and,  first,  the  works  I 
would  recommend  for  perusal  on  this  sul]jeot  are,^-Hntton's 
Ptmciples  of  Bridgaa  Bossnet's  Recherches  atr  VEqtdUhre  de$ 
Vaute$,  Memoir  de  VAcai,  des  ScienceB,  1774  and  1776 ;  Bossuef  s 
Mechanique,  edition  of  1802,  page  383 ;  Prony,  Arch-Hydraul, 
lom  1 }  Mwood's  TroAU^  m  ih€  CcmOnMoa  md  Pr^fertm  ^ 
ilrdhcs; Gregory's  JliedUnies,  vfl.  1,  page  130,  and  following;  as 
well  ai  The  BiKyciopiiu^  BrUamicoy  and  l^qfikmmtf  articles 
Bridge  and   Arcn;    and  Huttoa's  and  9arioya  tUihmmUkiKt 
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Du^ianarv;  al80>  Martin's  Circle  of  the  Mechamcal  Jrtt  coik^ 
tain  mnch  on  the  subject  selected  from  Tarious  authors^  under 
the  article  .Bridges. 

With  respect  to  the  Table  alluded  to^  it  is  calculated  by  I>r. 
fiutton^  from  a  theorem  on  the  Arch  of  Equilibration,  timt  the 
•pan  e€  the  arch  is  100,  its  height  40,  and  the  thickness  at  the 
crown  6,  and  which  will  answer  for  any  o&er  arch  whose  span, 
height,  and  thickness,'  are  to  each  other  in  like  propovtioD*  Now^ 
we  will  suppose  the  extrados,  or  carriage-way,  to  be  a  straight 
line  parallel  to  the  horizon ;  and  let  a  perpendicular  line  (to  the 
horizon)  be  drawn  through  the  crown  of  the  arch,  and  lines 
drawn  parallel  to  the  horizon,  and,  of  course,  perpendicular  to 
this  line;  then,  if  we  consider  the  first  line  as  the  axis  of  the 
cunre,  the  division  of  it,  where  the  other  line  crosses,  will  be 
abscissas  to  the  curve,  and  the  lines  themselves  will  represent  the 
ordinates ;  then,  if  the  extrados  is  an  horizontal  line,  or  nearly 
so,  if  we  eall  the  abscissa  A,  and  the  ordinate  corresponding  to  it 
O,  we  shall,  by  the  means  of  the  following  table,  be  able  to  con- 
struct the  curve.  And  here  we  may  remark,  tfiat  we  must 
measure  the  abscissa  not  from  the  vertex  of  tiie  curve,  but  from 
the  surfooe  of  the  extrados^  or  carriage-way,  as  the.  numbtt  6  is 
always  added  to  the  vsdue  of  the  abscissa. 


o 

A 

0 

A 

0 

A 

0 

6000 

21 

10-381 

36 

21-714 

2 

.  6035 

22 

10-858 . 

37 

22-948 

4 

6-144 

23 

11-368 

38 

24190 

6 

6-324  ' 

24 

11-911 

39 

25-505 

a 

6-580 

25 

12-489 

40 

26-894 

10 

6-914 

26 

13-106 

41 

28-364 

12 

7-330 

27 

13-761 

42 

29-919 

13 

7'571 

28 

14-457 

43 

31-563 

14 

7-834 

29 

15.196 

44 

33-299 

15 

8120 

30 

15-980 

45 

35-135 

16 

8-430 

31 

16-811 

46 

37-075 

17 

8-766 

32 

17-639 

47 

39-126 

18 

9168 

33 

18-627 

48 

41*293 

.19 

9-517 

34 

19-617 

49 

43*581 

20 

,  .9-934 

35 

20-665 

50 

46-000 

When  the  extrados  differs  materially  from  a  straig[^t  line,  this 
Table  will  not  answer ;  but  as,  jn  general,  it  is  best  to  make  the 
carriage-way  nearly,  if  not  quite,  level^  the  Table  wiU  be  foiluody 
in  actual  practice^  very  convenient* 
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Exan^  107.  Page  238. — ^As  the  description  here  given  of 
the  weighing  engine  is  attended  with  many  inconyeniences,  both 
yriiix  respect  to  £e  delay  occasioned  by  fixing  the  chains^,  and  the 
danoage  likely,  to  accrue  from  lifting,  the  waggonr  by  means  of 
chains^  as  well,  as  the  general  inconvenience  from  the  clumsy  form 
of  the  engine  itself;  the  .engine,  as  here  described,  has  been  su- 
perseded by  one.of  n^uqh  more  convenient  structure,  and  which. I 
shall  here  shew.  Let  ABCD  (F%.  2.  P/.  L)  represent  a  strong 
irame,  or  box,  about  twelve  or  eighteen  inches  deep,  with  a  solid 
and  thick  bottom  of  oak ;  the  whole  sunk  into  the  ground  and 
firmly  bedded,  so  that  the  edge  of  the  box  shall  be  level  with  the 
surfiice  of  the  road  over  which  the  carriage  is  to  pass.  There  is 
anr<^pe&ing  in  the  side  of  the  box  in  AB,  to  admit  of  a  strong  iron 
lever,  or  bar,  £F ;  nearly  at  the  end  F  is  fixed  a  fiilcrum  pin,'formed 
like  the  nail  of  a  balance,  having  a  sharp  edge  downwards,  and 
rei^ting  on  two  circular  arches  of  hardened  steel.  .  A  little  frurther 
from  Uie  end,  and  in  the  centre  of  the  box,  is  another  fulcrum  pin, 
whose  sharp  edge  is  upwards:  the  two ; strong  ironbars^CyG 
and  HiH,  .resting  on  it  .at  d  and  d ;  in  the  underside  of  these  bars 
are  four  strong  obtuse  angled  cones  near  die  ends  GG  and  HH, 
v^hich  rest,  on  four  strong  pieces  of  iron,  having  a  very  hard  steel 
cup  to  receive  the  coo^  on  the  top  of  these  bars;  and  rather 
nearer  the. centre  of  the  box  are  also,  four  conical  pieces  of  steel, 
as  a,  0,  6,  6;  I  on  the  cover  of  the  box  are  four  similar  strong 
pieces  of  iron,  with  steel  cups,  to  correspond  and  rest  on  the 
cones  jtLyOyhyh  ;  the  end  of  the  bar  or  lever  £F  projects  fit)m  the 
box,  and.  is  usually  enclosed  in  the  weighing  house :  it  has  a  pin 
at  e,  6,  which  is  attached  to  a  steel^-yarc^  or  a  pair  of  scales,  by 
which  we  ascertain  the^weight  on  the  jdatform  or  lid  of  the  box 
on  which  the  caijiage  or  waggon  rests.  Fig.  3.  P/.  I.  is  a^section 
of  the  box,  .with  its  bars,  or  levers,  and  cones.  LM  represents  Uie 
platform,  or  top  lof  the  box ;  n,  m,  two  studs  or  blocks  fixed  to  it 
with  hollow  steel  faces,  resting  on  the  obtuse  cones  a,  6,  whidi 
are  fixed  to  the  bars  GH ;  the  cones  o,p,  fixed  near  the  extremi- 
ties of  the  bars,  rest  on  the  pieces  dr,y,  with  hollow  steel  fiu^  and 
fixed  firmly  to  the  bottom  of  the  box  IK.  The  other  ends  of  the 
bars  OH  rest  on  the  pin  dy  d,  going  through  the  lever  F.  The 
ends  of  the  bars  GH.are  generally  bent,  so  that  the  points  of  sup- 
port a,  0,  d,  and  d,  p,  b,  are  in  the  same  horizontal  plane,  as  well 
as  the  sharp  edge  of  the  pin  CC,^.  2.  The  machine  thus  ooui- 
structed  is  evidently  nothing  but  a  combination  of  levers  in  the 
nature  of  a  compound  steel-yard » and,  therefore,  this  machine  is 
well  adi^{^  to  weigh  heavy  weights,  as  waggons,  &c.  loaded  with 
goods,. fiu;.  The  studs  at  x  and  ^  have  generally  a  little  rim  raised 
round  their  edge,  in  which  some  oil  is  pourei,  that  the.  damp 
and  dusty  which  unavoidably  enttoi  between  the  lid  or  platform. 
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may  not  it^ure  by  rust,  or  o^rwise,  tlie  aeeuracy  of  die  instni- 
ment.  It  is  usual,  in  some  modem  ioBtamaents,  ta  attack  tlw  end 
of  the  lever  £  to  a  bar,  or  chatiii,  couaected  'mih  wheel  wodc^  or  a 
spring  steel^ybrd  similar  to  that  riiewn  in  Fig.  2.  PL  G,  wbicdi 
enables  the  person  at  die  weigH-bvidge  to  ascertain,  without  troor 
ble,  the  number  of  stones,  pounds,  bto,  the  carriage  is  above  the 
.  weight  allowed  by  Act  of  Parliameiit^  and  thus  readily  to  fix  the 
reqmred  toll. 

Upon  much  the  same  principle  ais  this^  is  constructed  Ae  com*' 
mon  weighing  maehine,  used  lor  the  purposes  of  oomraerce. 

At  page  264  of  these  Notes,  under  the  observaitiotts  ob  metha-^ 
mad  powers,  I  mentioned  the  ftmicular  madune,  a8  4omelimos,i»» 
eluded  amongst  the  simple  mechanical  powers ;  I  shall,  ih&Mimy 
give  some  description,  aceompanied  wkh  propositions^  fegacdbig* 
it)  efiects  in  overcoming  resistances. 

Tliis  machine  is  thus  noticed  in  Barlow's  Maikema^ctd  IH^ 
Utmary.  '<Ft7NicuE.Aa  MACHiirE  (from  ^urawtABi^  a  r€pg\  is  a 
term  \tted  to  denote  an  assemblage  of  cora%  by  means  of  whieb 
two  or  many  powers,  sustain  one  or  many  weights.  Has  m 
classed,  by  some  authors,  amoncst  the  siasple  ^eehuioal  p^wesr^ 
and  is  the  simplest  of  then  all.^'  He  tNn^oes  oa  to  shew,  that, 
in  order  to  find  the  equilftmm  of  fbices,  we  must  make  use  of 
the  method  of  composition  <^  forces  to  reduce  the  several  powers 
acting  on  'tfie  eoird,  to  a  single  power  which  acts  in  the  diieclioB 
ef  the  eord,  and  refers  to  the  anide  in  Gregory'^  MwekoMks}  but 
Stfll,  to  the  mechaoica];  reader,  tfie  Isnicular  machine  is  not  ttvetf 
described,  nor  the  uses  to  which  it  is  applied.  Tike  maehine,  thee, 
in  its  most  simple  form,  is merefy  a  rope,  or  eord,  halving  one  end 
feed  immoveaDle,  and  the  other  fastened  to  tiw  wei^  to  be 
mored;  the  power  is  almr]  foree  applied  to  the  cord  between  the 
weicht  and  the  fixed  end  of  it,  which  endeavours  to  draw  the 
Cora  out  of  the  straight  Mne  joining  &ese  points;  In  the  investi- 
gation of  the  power  ef  tins  madkine,  we  must  suppose  the  coid  to 
be  wiAoot  weight,  perfectly  flexible,'  and  of  no  thidtness,  but 
merdy  an  imaginary  line.  Thus,  every  rope  in  a  ship  is  a  limt* 
cnlar  maAne,  and  the  method  used  to  belay  a  taei,  or  thai  of 
ftstening  the  cords  round  a  loaded  waggon,  is  but  the  actioa  c^ 
the  funicular  power,  if  the  term  may  be  used.  I  shall  now  lay 
down-  a  ftw  propositions  to  illustrate  the  theoretical  computatioa 
of  fhe  funicular  machine;  and  for  those  who  wish  more  on  the 
subject,  I  would  refer  them  to  a  work  entitled  Trmie  EtemwUdr^ 
de  Statiquey  par  Ooipartl  Monge,  pp.  101  to  114,  the  second  edi^ 
dition,  and  is  a  work  which  mt^r  be  consulted  by  the  Mediamc 
(who  is  acquainted  with  the  French  language)  with  great  advan«- 
tage,  as  the  demonstrations  ai^  partkularly  pkdn,  and  easy  to  b0 
comprehended; 
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IjetABC(i'i^.!l.JV.K.)be«eord^h^  at.  A  aodBbyany 
force ;  and  let  another  cord,  as  BD,  attach  to  it  by  a  sliding  knot 
<>r  rki^  sit  B.;  1heD,'if  a  fitoee  is  ap|)lNd  at  D  in  any  direction,  the 
sing  at  B  vtiU  iriide  tioaag  tiie  com  ABC  till  it  rests  in  a  point 
where  the  fooces  at  A>I^  SOid  Q  are  a  just  bidaiice  for  each.olher.; 
«r,  ifiiick  is:  die  same  ^ing,  the  ieMoci  of  the  parts  AB,  3C,  and 
BID,  t£  the  oords .  wiU  l>e  fi^al,  or  the  difiwent  iercas  Meting  al 
ADC  Vfih  be  hi  efniiibrio ;  and  this  will  always  happen  when 
the  angle  AQC  is  l^isectesl  by  ^  iinerdrawn;  in  :the  direction  ol 
DB,  ^  BS ;.  that  is,  uriien  Uwang^  ABB  ia  eqoal  the  angle  CBE^ 
the  forces  at  A,  D,  and  C  are  in  e(][uilibrio. 

Demonstration, — Suppose,  in  the  figure,  that  the  cords  AB,  DB, 
and  CB  are  in  a  state  of  equilibrium.,  Let  us  resolve  the  two 
forces  AB  and  DB  into  one  equivalent  force ;  thus,  as  the  tension 
on  the  cord  AB  is  equal  to  the  tensioB  on  the  oocd  DB>  set  any 
distailBes  oB,  bB,  equal  to  each  othm*,  to  represent  these  equal  ten^ 
sions,  and  c(ioQf>lete  the  parallelograBi  oC,  iB ;  then,  .from  the 
principle  of  the  resoUitioQ  of  forces,  the  dis^gOBala,  b^  will  repia^ 
sent  the  effect  of  the  joint  forces  aB  and  bB;  in  the  same  manner, 
tlip  diajgonal  a^  b^  wiU  repj^eoent  the  joint  forces  oibB  'vapiji  dB,  by 
drawing  the  parailelc^pram  Btkb ;  again,  in  the  sapoe  jnann(H» 
draw  the  paraDelogiam  aE4&,  end  its  diagonal  BB  vhll  repie^en^ 
the  joint  roroes  of  aB  and  4B,  Now,  as  the  tension  of  all  the 
omrds,  to  make  the  equiUlmum,  ejse  equad  the.  sides  t)f  the  several 
para^logmms  are  made  oqiial ;  it  is^.  thefieft»e,  evidentp'that  1^ 
angles  ABD  and  CBD  are  equal,  but  tkff  an^  ABC  >s  alao  di*. 
vi^Bd  into  tnvo  equal  psgrts  by  the  diagonal  1^;  therefor^  the 
ai^le  i^B«  is  eq«al  the  angle  £BD ;  hence,  angle  £Bci  4-  angle 
aSd,  equal  an^  "EBd  -^  angle  CBD,  pr  BBD  are  in  one  right 
Uae^  and,  of  oouwe,  DB  oentinoed  to  £  divides  the  ai)gle  ABC 
into  two  equal  parts ;  oonsecfuenl^y  wh^i  the  {oBces  ADC  ar^.in 
efiulibd<v  ibe  dicection  of  DB  wiU  be  such,  that  being  ^oduoed 
to  £,  the^wigle  KBA  must  be  equal  to  the  angle  BBC,  which  waa 
to  be  demonstrated. 

Cdr.  1.  HencQ,  it  is  evident,  that  as  the  ^iord  DB  is  at  Uberty 

to  move  along  ABC  ^  by  means  of  the  ring  at  B,  if  any  force  is 

.  applied  at  D,  the-ring  will  stideon  the  ether  coid,  till  the  direo- 

.  tion  of  DB  is  such,  that  the  angle  ABC  will  be  biaeoted  by  DB 

firodnoed. 

Cor.  2.  If  DB  ift  fixed  to  ai^  point  B  in  the  eood  ABC,  and 
if  idle  Hne^  of  ,its  diiection  dees  not  bisiect  the  angle  ABC,  the 
foBoes.  exerted,  the  foroes  m\\  .a»t  he  in  eqif«Ukibrimi^ ;  hence,  hy 
varying  the  direction  of  BD,  we  may  exert  more  or  l^s  force  on 
the  paints  A  and  Cj 
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Cor,  3.  The  locus  of  the  point  B  wiH  always  be  in  the  circom- 
ference  of  an  elipse,  whose  foci  are  at  A  and  C,  and  whose 
largest  or  transverse  diameter  is  the  whole,  lei^^  of  the  cord 

Cor,  4.  Tlie  three  forces  at  A,  D,  and  C,  when  they  are  in  e^oi- 
librio^  will  be  in  the  same  proportion  to  each  other  as  the  sides 
of  the  triangle  £aB,  diat  is  A  :  C  :  D  ;:  aB  :  a£  :  £B. 

Cor,  5,  As  the  sides  if  triangles  are  in  the  same  proportion  to 
each  other  as  the  sines  of  their  i^posite  angles,  we  snail  hafe  the 
following  proportions  with  respect  to  the  poweis  AyD,C,  to  each 
other,  viz.  AB  :  BC  :  BDlluae/^dEB  I  meJiEBa  :  8ineZ.£a6, 
and  in  the  proportion  of  th^r  supplements  ABD,  CBD,  and 
ABO« 

PROPOSITION  11; 

If  a  cord  is  suspended  from  two  fixed  points,  -and  another  cord 
is  fixed  to  it  in  any  point,  the  force  applied  to  that  point  td>  pro- 
duce an  equilibrium,  or  make  the  tension  of  all  th&  cords  equal, 
will  be  in  proportion  to  the  angles  formed  by  the  meeting  of  the 
cojds  in  the  point  wh^re  they  are  attached  to  each  other. 

Let  ABC  be  a  cord  attached  to  the  point  A  and  C,  and  let 
another  cord  BD  be  firmly  fixed  to  the  point  B ;  I  say  the  force 
applied  at  B  must  be  (to  produce  an  equilibrium)  in  the  same 
proportion  that  the  angle  ABC  has  to  the  angle  CBD,  added 
to  tne  angle  ABD,  or,  more  properly,  the  angle  ABC  is  recipro- 
cally as  'me  sines  of  the  angles  ABD  and  CBD,  that  is,  the 
greater  the  angle  ABC  ^,  the  less  the  sine  of  the  angle  ABD 
and  CBD.  Thi%.is  evident  from  Cor.  5.  of  the  last  Proposition ; 
for  these  angles  are  in  the  same  proportion  as  the  forces,  or  as  the 
angles  £AB,  ABE,  and  A£B,  whicn  was  to  be  shewn. 

€br.  1.   Hence,  also,  as  £B  represents  the  tension  of  BD, 

AB  the  tension  of  BC,  and  £C  the  tensioof  of  AB ;  we  see  itaX 

'  a  small  force  at  B  (when  the  angle  ABC  is  great)  will  be  suffi« 

dent  to  keep  in  equiUbrio  a  great  force  at  A  and  C ;  and  heoce 

the  power  of  the  funicular  machine. 

Cor,  2.  Hence,  also,  as  every  rope  must  have  some  weight,  it 
is  impossible,  unless  the  power  at  A  and  C  are  infinite,  to  keep 
it  stretched  in  a  right  line;  and,  hence,  a  veryvmall  power  ex- 
erted on  the  rope  ABC  will  be  able  to  overcome  a  great  resist- 
ance at  its  extremities,  when  it  is  nearly  laying  even  between  the 
points  A  and  C,  whether  those  points  ^re  perpendicular,  parallel, 
or  oblique  to  the  horizon :  for  as  AE,  EC,  ana  EB  represent  the 
forces  when  in  equilibrio,  EB  may  be  v&tj  small  in  comparison 
toAEor£C. 
Cor,  3.  The  same  reasoning  holds  good,  if  ^.wo  or  more  poweis 
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are  applied  to  the  rope  ABC ;  for  we  may  revolve  them  all  into 
one  power,  by  the  method  of  the  revolution  of  forces^  and  then 
consider  them  as  one  single  force. 

Or.  4.  Hence,  it  is  evident,  that  if  the  rope  ABC  is  slackened, 
so  that  the  angle  ABC  becomes  very  small,  or,  that  the  diagonal 
EB  of  the  parallelogram  AECB  is  greater  than  AE,  no  power 
will  be  gained  by  applying  a  force  to  the  point  B  ;  and,  therefore, 
the  less  the  diagonal  EB,  the  greater  the  power  of  the  machine. 

Cor.  5.  Hence,  it  is  evident,  that  this  machine  is  calculated  to 
raise  very  heavy  weights  but  a  small  distance ;  for,  by  exerting  any 
force  at  B,  we  increase  the  angle  EAB,  and  consequently  the 
power  is  lessened,  till  another  equilibrium  is  obtained  in  the  posi- 
tion of  the  ropes. 

Note. — ^These  two  Propositions  are  sufficient  to  explain  the  the- 
ory of  the  Funicular  Machine.  I  shall  now  endeavour  to  shew  its 
practical  utility,  by  an  idea  of  a  machine,  which,  for  simplicity  and 
comparative  power,  will,  in  the  absence  of  more  powerful  and  com- 
plicated engines,  be  found  of  great  use  to  raise  heavy  bodies  for  small 
distances;  and  tlie  reader  will  observe,  that  it  is  by  this  mechanical 
power,  that  on  shipboard  ropes  are  hauled  taut,  or  packages  are 
corded  tight. 

Let  AB  {Fig.  2.  PL  K)  be  two  posts,  firmly  fixed  in  the  ground, 
&c.  and  let  a  cord  proceed  from  C  (where  it  is  held  by  the  hand) 
through  two  holes  at  C  and  D,  and  proceed  to  E,  where  it  is  fixed 
to  the  body  W  we  wish  to  move,  either  by  drawing  on  the  ground, 
or  up  an  inclined  plane  G.  The  action  of  the  machine  is  this  :  the 
man  at  C  gives  the  rope  a  turn  or  two  round  the  post  A,  to  prevent 
it  being  drawn  out  of  the  hole ;  then  another  man  (or  more)  lay 
hold  of  the  rope  at  O  near  the  centre,  and,  pulling  it  in  the  direction 
OP,  causes  the  weight  W  to  move.  When  it  is  pulled  so  for,  that 
the  power  at  O  is  in  an  equilibrium  with  the  weight  or  resistance ; 
if  the  weight  is  sustained  from  rolling  back,  the  man  at  C  again 
looses  the  hitch  round  the  post,  and  pull's  the  rope  tight ;  he  then 
twists  it  round  the  post  again ;  thus  uie  rope  being  again  stretched, 
the  power  is  once  more  exerted  at  O,  and  so  on,  till  the  weight  is 
moved  as  reauired. 

Fig.  4.  Pt.  K.  represents  another  modification  of  the  same  en- 
gine, when  the  weight  is  required'  to  be  lifted  from  off  the  ground  : 
but  in  this  case,  as  the  direction  of  the  rope  is  changed  from  an  hori- 
zontal to  a  vertical  position,  we  must  have  recourse  to  the  pullies 
at  a,  6,  c,  d,  as  the  figure  shews ;  the  rope  ABPD  is  fixed  to  the 
weight  at  W,  and  is  then  twisted  round  the  post  at  E :  there  must, 
in  this  method  of  applying  the  fumicular  power,  be  some  contri- 
vance to  keep  the  rope  in  the  position  to  which  it  is  drawn  by  the 
power  at  P,  or,  whicn  is  the  same  thing,  to  prevent  the  weight  de- 
scending after  it  is  raised  by  the"  power  at  P:  or,  otherwise,  by 
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slackening  it  at  D,  in  order  to  take  a  fresh  purchase  round  the  post 
at  £,  the  weight  would  descend  to  its  former  position.  This  contri- 
▼ance  may  be  somewhat  similar  to  that  described  at  page  308  in  this 
Appendix,  and  may  be' placed  between  the  pullies  b  and  c.  Thus 
this  machine  acts  by  alternately  tightening  the  rope,  and  applying 
the  power ;  and  we  may  here  observe,  that  the  farther  the  post 
AB,  {Fig,  3.)  or  the*  puUies  cd  (Fig,  4.)  are  apart,  the  greater  the 
power. 

Perhaps,  the  greatest  advantage  this  machine  possesses  is,  that 
the  combined  efforts  of  many  individuals  may  be  applied  by  means 
of  a  rope  having  a  loop  or  ring  sliding  on  the  point  P;  or,  if  we 
consider  it  a  simple  mechanical  power,  the  combined  efforts  of 
many  may  be  used  much  better  than  in  that  of  any  other  simple 
mechanical  power ;  though,  at  the  same  time,  it  is  wanting  in  many 
of  the  conveniences  of  these.  1  have  here,  therefore,  noticed  it 
more  with  a  view  of  drawing  the  attention  of  the  Mechanic,  than 
that  of  shewing  any  advantages  it  possesses  over  other  powers  ;  but 
the  principle  may,  without  doubt,  in  many  cases,  be  applied  with 
considerable  convenience ;  and  as  it  is  so  very  simple,  it  may,  when 
combined  with  others,  be  of  great  utility,  particularly  when  more 
complicated  engines  are  not  at  hand,  and  we  have  the  exertion  of 
several  individuals  whose  muscular  strength  we  wish  to  apply  "with 
the  greatest  advantage. 

As  these  Notes  and  Observations  have  already  extended  to  a 
length  that  I  had  not  contemplated,  and  as  the  subject  of  mechani- 
cal engines  is  of  itself  an  inexhaustible  mine,  rich  vnth  precious 
metal,  and  worthy  the  labour  of  extracting,  I  think  I  cannot  do 
better  than  recommend  to  my  readers  to  consider,  with  atten- 
tion, what  has  already  been  attained ;  and  to  remember,  that  how- 
ever severe  the  toil  is,  or  difficult  the  surface  to  penetrate,  we  shall 
be  amply  rewarded  by  the  possession  of  the  treasure  of  knowledge 
which  is  concealed  beneath  it. 
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